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Table 2. Essential arnino acid compositions of dietary protein sources (% of each source) 
Protein source 




























































































*1 See the footnote of Table l. 
*2 Expressed as (each essential arnino acid/total essential amino acids) x 1000. 
~}e~tt~~~~:~1~li)'~;~:~:/~~~L<･/J't!r<, ~/,_-. ') )y. ;~~7~::~d~;J:Cfh ')Ifh7 7 ~ 
~R~~)~*e~'/J't~~~>1)t,_-. ~a)f..-~5, ~~~~~l~=4l~l~~tLC~ 4 f~a)7 ~ ) ~~~;~~~*,,~DL, ~~;~;~~~=4a)i~･".~ 
7 ~ )~~~~~~i~~~U < t~:;~ ~ ~~l~~~Lt,_-. 
i~~~, 6~~~~a)~1~~*~;~r Table3 e(."=T~ Lf,_". ~~~~~1F~rA, ~~~-~1~S~~~~~~~~J~Z)~~~~E,~f+' 
Table 3. Perforrnance of fingerling rainbow trout fed diets containing different level of soybean meal*l 
Diet No. 
Substitution 










Avg. Daily A vg. food food energy intake intake intake (g)*3 (%)*4 (kcaD*5 
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* I Average value of duphcate tanks containing 30 fish each reared for 6 weeks at 16'C. 
*2 Substitution level (%) of soy protein for fish meal protein. 
*3 Total food intake for 6 weeks per individual (dry weight basis). 
*4 Daily food intake rate (% of wet biomass). 
*5 Total digestible energy intake for 6 weeks per individual. 
*6 Expressed as (wet weight gain/dry food intake) X 100. 
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Fisheries Science 60(4). 455~60 ( 1994) 
Utilization of Malt Protein Flour in Fingerling Rainbow Trout Diets* 
Takeshi Yamamoto, Panayiota A. Marcouli, Tatsuya Unuma, and Toshio Akiyama 
Nutrition Section. Inland Station, National Research Institute of Aquaculture, Tamaki, Mie 519-04, Japan 
(Received December 16, 1993) 
Two feeding experiments were con_ducted to evaluate malt protein fiour (MPF) as an alternative 
protein source for the diet of rainbow trout Onco,'hynchus mykiss fingerlings. MPF is a new protein rich 
by-product from brewer's spent grain. Experiment I was conducted to clarify the suitable substitution 
level of MPF for white fish meal (WFM) in the diet. The control diet, containing WFM as the sole 
protein source, and isonitrogenous (400/, crude protein) experimental diets, containing MPF substituted 
for 20 to 80'/, of WFM proteln, were fed to fish with an average initial weight of lOg for 6 weeks. 
Weight gain and feed efficlency in fislr fed the diet substituting MPF up to the 60'/. Ievel were not 
different (p > O.05) from those in fish fed the control diet. There were no significant differences in protein 
and energy retention between O to 40~/, substitution level. In Experiment 2, crystalline essential amino 
acids (EAA) were supplemented in the diets containing MPF to simulate the EAA composition in the 
control diet. Consequently, no significant differences were detected in protein and energy retention 
between O to 60"/, substitution level. Thus, these results suggest that MPF is a promising alternative 
protein source for the diet of fingerling rainbow trout. 
Key words: alternative protein source, malt protein flour, rainbow trout, essential amino acid, 
digestibility, white fish meal 
Fish meal has been used as a protein source traditionally 
in fish diets because of its high nutritive value. However, 
the fish culture industry is increasingly apprehensive that a 
shortage of fish meal may occur, due to both the increasing 
demand from the expansion of aquaculture and decreases 
of wild fish resources that are materials for fish meal. Many 
studies have been conducted on the utilization of plant 
proteins, especially of by-products from food industries, to 
develop alternative protein sources for fish meal. Soybean 
meal (SBM) has been found to be a good protein source 
and currently it is commonly incorporated in commercial 
fish diets. I ~ 3) 
Malt protein fiour (MPF) is a new plant protein made 
from brewer's spent grain (BSG) which is a by-product of 
beer brewing. There are two steps for brewing; the first step 
is saccharification and the following step is fermentation. 
After saccharification, the solids are filtered away and BSG 
is obtained. BSG has been used as feed for cattle. However, 
the amount of consumption is decreasing due to a decline 
of livestock industry neighboring towns where, in Japan, 
the brewery exists. BSG is considered to be unsuitable as 
a protein source for fish diets because of its low protein 
content and high fiber content. MPF is obtained through 
the mechanical removal of the husk of BSG with a special 
rolling mill and a seive, resulting in a protein-rich ingredient 
like SBM. 
The purpose of this study was to evaluate the nutritional 
value of MPF as an alternative protein source for the diet 
of fingerling rainbow trout Oncor/1ynchus mykiss. Two 
feeding experiments were conducted; the objective of 
Experiment I was to clarify the suitable substitution level 
of MPF for white fish meal (WFM) In the diet and that of 
Exp riment 2 was to assess the effect 
of crystalline essential amino acids 
containing MPF. 
of upplementation 
(EAA) to the diets 
Mat rials and Methods 
Clle,nica! Featu,'es of MPF
The general prox mate analyses f MPF are shown in Table I . Protein 
content was about 500/0, a value equivalent to that of SBM. Fat content 
was about 130/0 and fatty acids were mostly composed of 18 : 2n-6 and 
16:O. Dietary fiber content was about 300/0, made up of hemicellulose, 
cellulose and so on. The content of digestible carbohydrates such as starch 
is quite low in MPF because most were saccharified before BSG filtration. 
The MPF used in the pr se t feeding experiments had a moisture of 100/., 
protein content of 470/., and fat content of I I o/o. 
Experi,nenta! Diels 
The formulation and proximate analyses of the test diets in Experiment 
l are presen d in Table 2. WFM was used as a sole protein source to 
provide approximately 40"/, crude protein in the control diet (diet 1). In 
diets 2 to 5, 20 to 80"/, of WFM protein in the control diet was 
isonitrogenously replaced by MPP. Fat content in diets was adjusted with 



















* Abst. Meetg. Japan. Soc. Sci. Pish., October, 1992, p 191 (in Japanese). 
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pollock viscera oil to provide approximately ISo/. crude fat. Gelatinized 
potato starch was supplemented to adjust gross energy content. Chromium 
oxide was supplemented as an indicator for the ana]yses of apparent 
digestibility of the nutrients. The ingredients were thoroughly mixed, 
moistened and pelleted in a California pellet mill. 
The formulations and proximate analyses of the test diets in Experiment 
2 are shown in Table 3. Dietary compositions are basically the same as 
those used in Experiment I , except for supplementing crystalline EAA 
in the diets and for replacing 100"/o of WFM protein by MPF in diets 6 
and 7. Diets 2 to 6 were supplemented with EAA to simulate the EAA 
composition in the c ntrol d et. Alanine and glycine were supplemented 
in diets I to 4 to equalize the amount of supplemented crystalline amino 
acids after Murai et a!.4) D et 7 was not supplemented with amino acids 
in order to me ure the apparent digestibility of MPF protein per se. 
Tab]e 2. Formulations and proximate analyses of the diets m 
Experiment l 
Diet no. 
2 4 5 3 
MPF (o/o)*1 o 20 40 60 80 
Ingredient ("/, wet weight) 
*2 White fish meal (66'/. CP) 
Malt protein fiour (47'/, CP) 
Gelatinized potato starch 















Analysis ('/, dry weight) 
Crude protein (N x 6.25) 39.9 
Crude fat 15.6 





































41 .4 41 .4 41 _2 41 .3 
l 6.0 1 6.3 1 6.4 1 6.4 
508 500 5 1 7 526 
Fish and Feeding Procedu"e 
The finger]ing rainbow rout for feeding experiments were transferred 
~from Shiga Prefectural Samegai Trout Farm. Japan. All fish were 
acclimated to the experimental conditions for 2 weeks- Thirty fish were 
stocked with two replicates for each dietary treatment into an polyvinyl 
chloride tank (50 x 20 x 30 cm, holding 20 1 of water), supplied with well 
water (17:~0.1'C) at a rate of I l/min. The initial mean body weights of 
the test fish in Experiments I and 2 were about 10 g and 1 1 g, respectively. 
Just before the start of feeding experiments, I O fish were randomly sacrificed 
and stored at -20'C for proximate analyses of the whole body. The fish 
were fed the test diets to satiation by hand twice a day (8 : 30 and 1 5 : 30), 
6 days a week for 6 weeks. The fish were weighed every 2 weeks after 
being anesthetized with 0.010/. ethyl 3-aminobenzoate methanesulfonic 
acid. At the end of each cxperiment, 4 fish were randomly sampled from 
each tank and stored at -20'C for proximate analyses. After the 6-week 
feeding experiments, fish of each tank were transferred to a round tank 
designed for feces collection, and an adequate amount of feces for the 







Substitution level of malt protein fiour for whitc fish meal protein in diet l. 
Trident Seafoods Co., Ltd., Seattle WA, U.S.A. 
Each vitamin content is corresponding to 44D/o of the premix reported by 
NRC.lll 
U.S.P Xll salt mixture with trace elements.:il 
Chrornium oxide : cellulose= I : l. 
Sodium carboxymethylcelLulose. 
Ana!ytical Methods 
Proximate analyses of the test diets and the whole body were carried 
out by the methods of Akiyama et a!. 51 Based on these analyses, amounts 
of protein and energy retained in body and the efficiencies of retention 
were calculated by the methods of Murai et al. 6) Chromium oxide in the 
test diets and feces were analyzed according to the method of Furukawa 
and Tsukahara.?' 
For Experiment 2, amino acid compositions of WFM and MPF were 
determined after hydrolysis in 6 N HCI at I I O'C for 22 h. The ninhydrin 
reactive substances of the hydrolyzed materials were analyzed by an 
automatic amino acid analyzer (Beckman Model 6300) using a single 
column and lithium buffer system. Tryptophan content was determined 
with the method presented by Penke et a!, s} and cystine content by the 
methods of Moore. '; Table 4 shows the amino acid compositions of WFM, 
MPF, and methanol treated SBM used in our previous experiment. I o] 
Table 3. Formulations and proximate analyses of the diets in Experiment 2 
Diet no. 
1 2 3 4 s 6 7 
MPF (a/o)*l o 20 40 60 80 1 OO l OO 
Ingredient ('/, wet weight) 
*2 White fish meal (660/. CP) 
Ma]t protein fiour (47~/. CP) 
Gelatinized potato starch 





















































































Analysis Co/o dry weight) 
Crude protein (N x 6.25) 
Crude fat 






















*1-4,7.B: See the footnote ofTab[e 2 
*5 : Essential amino acids of Lys HCI : Arg : Met : Ile: Val : His :Trp=30 : 10 : 
*e : Non essential amino acids of Ala: Gly=60: 73 after Murai e' a!.4] 
lO : 9 4:4: I. 
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Average weight gain, feed efliciency, whole body composition, amounts 
of protein and energy retained and their e~iciencies were analyzed for 
statistical significance (p<0.05) according to the method of Duncan.11) 
However, statistical analyses of the apparent digestibilities of protein and 
energy were not carried out because feces were collected as a single sample 
~ooled from duplicated tanks for each dietary treatment. 
Table 4. Amino acid compositicns of dietary protein sources 
Protein source 
Soybean mea]* 1 
Results 
White fish mea] Malt protein flour 




















































5, 1 7 
6,51 
9.52 

















2. I O 
2.34 
2.75 
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Performance of Fish in Feeding Experiments 
In both Experiments I and 2, percentage weight gain and 
fe d efficiency in fish fed the diet containing MPF up to the 
60'/, substitution level (diet 4) were not different (p > 0.05) 
from th s  in fish fed the control diet (Table 5). In addition, 
percentage weight gain in fish fed diet 2 (MPF substitution 
level of 20 '/.) in Experiment I was significantly higher 
(p < 0.05) than in fish fed the control diet. In Experiment 
2, diets containing MPF at 20 to 60'/, substitution levels 
showed a good growth rate similar to the control diet. 
Higher supplementation of MPF (MPF substitution levels 
of 80 and I OO "/,) in both experiments, however, significantly 
10wered growth rate and feed efficiency as compared with 
the control diet. 
In both experiments, daily food consumption rate in the 
fish fed the diet containing MPF up to the 80'/, substitution 
level (diet 5) did not significantly decrease. However, the 
rates in the fish fed the diet of I OO'/. MPF Ievel in 
Experiment 2 (diets 6 and 7) were siguificantly lower than 
the control diet. 
Whole Body Composition of Experimental Fish 
At the end of both experiments, moisture decreased and 
fat content increased in comparison with initial values 
(Table 6). In Experiment I , there were no significant dif-
ferences in moisture, protein nor fat content among the 
treatments. In Experiment 2, there were significant differ-
ences in moisture level among the groups, however, no 
specific trends were detected. Protein and fat contents were 




Defatted soybean meal treated with methanol.lol 
Percentage content in each protein source. 
Perccntage content in protein of each source. 
Apparent Digestibilities of Dietary Protein and Energy 
In Experiment I , apparent digestibility of dietary protein 
Table 5. Performance of fingerling rainbow trout fed diets contajning different leveis of malt protein flour*l 
Diet no MPF*2 
('/') 





Avg. food Weight Feed*3 

















































2. 1 7** 5 
2.25' 
2.24' 


















20 ( + EAA)*' 
40 ( + EAA) 
60 ( + EAA) 
80 ( +EAA) 


























l 7. 50 
14.57 






































Averagc value of duplicate tanks containing 30 fish each reared for 6 weeks at 17'C 
See the footnote of Table 2. 
Expressed as 100 x wet weight gain/dry food intake. 
Expressed as 100 x food intakc/[{(initial weight+ final wcight)/2} x rearing period (days)]. 
Values in thc same column followcd by a differcnt lettcr are significantly di~ierent (p<0.0S). 
( + EAA) means supplementation of cssential amino acids to simulate the essential arnino acid composition in diet l 
41 
458 Yamamoto e! a[. 
in fish fed the diet containing MPF at 800/0 substitution 
level was lower than the other groups (Table 7). In 
Experiment 2, however, the digestibility of protein in the 
fish fed the diet of 80 and 100~/. MPF Ievel (diets 5 and 6) 
was improved up to the same level as that of the control 
group. Digestibility of MPF protein pe,' se was 81.70/0. 
Digestibilities of dietary energy are shown in the same 
table. In Experiment 1, digestibility of energy tended to 
decrease as the substitution level of MPF increased. In 
Experiment 2, however, digestibility of energy in fish fed 
the control diet and diet 2 showed no difference. The 
Table 6. Effect of dietary treatment on 
position of fingerling rainbow trout~l 
the whol  body com-
(o/.) 
digestibilities of energy n fish fed other diets supplemented 
with EAA were almost constant at around 75"/o. Digestible 
energy content in each diet reflected the tendancy of 
digestibility of energy in both Experiments I and 2. 
Retention ofDieta,y P,'otein and Ene,gy in Body 
In Experiment I , retention of protein was high in fish fed 
diets containing MPF at O to 40'/. substitution levels (diets 
 , 2, and 3), and gradual]y decreased at and above the 60'/* 
substitution levels (Table 8). In Experiment 2, however, 
retentio  of protei  ven in the fish fed the diet of 60'/* 
substitution level was improved and no significant difference 
was detected between this group and the control group. 
Diet no. MPF*2 ('/~) Crude Crude Moisture rotein fat 
Table 7. Effect of dietary treatment on the apparent digestibility 
























7 1 .4a* l 
70.9a 
70.6~ 
7 1 .3' 











l O . 2' 















20 ( +EAA)*' 
40 ( + EAA) 
60 ( + EAA) 
80 ( +EAA) 


















l 4. 8a 
O. 1 7 
45 
l i .O' 
lO.3* 
l I .2-
l 2 .2* 
1 1 .8* 
l I .6* 





















20 ( + EAA)*' 
40 ( +EAA) 
60 ( + EAA) 
80 ( + EAA) 








































Average value of two pooled samples (4 fishlsaTnple) from each group reared 
ror 6 weeks at 17~C. 




Value5 of pooled sample from duplicate lanks for collecting feces at 17~C. 
See the footnote of Tab]e 5. 
Digestibie encrgy in diet =gross energy in diet x digestibility of energy 
Table 8. Effect of dietary treatment on the protein and energy retention in fingerling rainbow trout*l 

































33. . I 'd 




4 1 .4' 
40.7' 
34.7b 












20 ( + EAA)*' 
40 ( + EAA) 
60 ( + EAA) 
80 ( + EAA) 





2. 1 4' 
l .58b 




























,,2 S 6 
$3 
*4 
Average value of lwo pooled samp]es (4 fish/samp]e) rrom each group reared for 6 wceks at 1 7'C. 
See the rootnote of Table 5. 
Expressed as 100 x average protein retained/average protcin intake. 
Expressed as 100 x average cnergy retained/averagc energy inLake 
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Retention of energy revealed a tendency similar to the 
retention of protein (Table 8). 
Discussion 
In alternative protein sources to fish meal, SBM is 
considered to be one of the most practical sources for fish 
diets.1~3] However, owing to the presence of protease 
inhibitors and other antinutritional factors, some treatments 
such as heat treatment, solvent extraction or EAA sup-
plementation are reported to improve the nutritional value 
of SBM for rainbow trout.4'12~ 14] Distiller's grains with 
solubles (DSG) are reported to be a good substitute for fish 
meal or soybean meal for the diet of channel catfish 
lctahn'us punctatus because it contains no antinutritional 
factor.Is - 171 In the present studies, MPF was found to be 
able to replace, without any additional treatment, 400/0 of 
the WFM protein in the diet for fingerling rainbow trout 
without any adverse effect on growth, feed efficiency, and 
protein and energy retention. This may suggest that, Iike 
DGS. MPF does not contain an appreciable quantity of 
antinutritional factors. 
Poorer growth and feed performance in the fish fed the 
diet of more than 600/0 substitution level in Experiment l 
may be caused by, (1) inferior EAA balance in the diet, (2) 
increase of fiber content deriving from MPF and subsequent 
decrease of digestible energy in the diet, and (3) slight 
decrease of feeding rate. As observed when high-ievel 
celluose was incorporated In rainbow trout dietsl8) and in 
channel catfish diets. 19) the increased fiber content of a diet 
having a higher MPF Ievel might cause some negative effect 
on growth and protein utilization. Although the cause of 
slightly reduced feed palatability is unknown, further studies 
should solve these problems for incorporating MPF at high 
levels. 
Weight gain and feed ef~iciency in the fish fed the diet 
of 600/0 substitution level in Experiment I were inferior to 
those of the control diet. However, no significant differences 
were detected between the groups. Further long-term 
feeding experiments may be necessary to validate the 
differences. 
In DGS, Iysine is the first limiting amino acid for channel 
catfish and the supplementation of crystalline lysine to the 
diets containing DGS improved the growth performance of 
the fish.16.17] This may be caused by the improvement of 
amino acid balance and subsequently enhanced conversion 
of amino acids absorbed into the fish's body protein.20) 
MPF, Iike DGS, is deficient in lysine compared with WFM 
or SBM (Table 4). In the present studies, when fish meal 
was highly replaced by MPF at and above the 800/a level, 
supplementation of EAA to the diets was not effective 
enough to drastically improve growth and protein utiliza-
tion. Similar phenomena were reported in milkfish Chanos 
cllanos and tilapia O,'eoc/7ro,,1is niloticus x O. au,'evs where 
the supplementation with methionine was not effective for 
improvement of growth and protein utilization of fish 
fed diets in which fish meal was replaced at high levels by 
SBM.21.22) Compared with the cases of effective sup-
plementation of crystalline EAA (1.2 to 3.8o/. in diets) in 
rainbow trout diets containing soybean meal,4'10,1 2.13) the 
amount of supplemented EAA in diets 5 and 6 (3.9 and 
5.80/0 in diets) was rather great. It seemed that the excess 
amount of crystalline EAA was not used for protein syn-
thesis in a limited proper time and was dissimilated. This 
may be supported by the fact that the protein retention 
in fish fed diet 5 or 6 was not improved in spite of the 
improved protein digestibility. Murai et al.23,24) reported 
that lOg of EAA coated with casein supplemented in a 
gelatin diet fo  carp Cyp,'inus ca,pio drastically improved 
weight gain and protein utilization due to the improve-
ment of plasma EAA balance. Therefore, other methods 
than the direct supplementation of crystalline EAA in Ex-
periment 2 migh  impro e growth and protein utilization. 
As compar d with SBM, MPF is rich in sulfur amino 
acids such a  methionine and cystine (Table 4). Therefore, 
a combinational supplementation of both materials to the 
diet may c mplement each defect of EAA composition and 
increa e the nutritional value of protein in the diet. In 
practice, combination of SBM and corn gluten meal in the 
rainbow trout d et was reported to be superior to SBM 
al ne as a substitut  for fish meal.25) 
Apparent digestibili y of protein in the diets containing 
MPF was improved by the supplementation of EAA and 
no differences were detected through the dietary treat-
ments. Suc  a phenomenon was not reported previously. 
The improveme t of the apparent digestibility of dietary 
energy in the diets containing MPF supplemented with 
EAA is thought to e caused by the improvement of the 
appar nt digestibility of dietary protein. Thus, the im-
provement of protein and nergy retention in the fish fed 
the diet with the MPF substitution level of 60'/, supple-
m nt d with EAA might be caused by the improvement of 
protein digestibility. Fur her studies should be necessary 
on the relationship between supplementation of EAA and 
the improvement of digestibility of protein and energy, 
and protein utilization. 
Apparent digestibility of MPF protein pe,' se (82"/.) was 
fairly consistent with r ported values of other plant pro-
tein sources for rainbow tr ut; 68 to 96"/. with SBM, 75 to 
78'/, w th cottonseed meal and 76 to 77'/, with rapeseed 
meal.26 - 30) 
Th  results obta ned in these studies show that MPF is 
a good substitute for fish meai in the fingerling rainbow 
trout diet and can rep ace 40'/., or 60*/* with the 
supplementation of EAA, of white fish meal protein. 
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Utilizatio n 
Diets for 
of Malt Protein Flour in the 
Fingerling Red Sea Breamt 
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A 6-week feeding experiment was conducted to evaluate the nutritional value of malt protein flour 
(MPF) as an alternative protein source for fish meal in the diets for fingerling red sea bream Pagrus 
major. In the control diet, white fish meal (wrM) was used as the sole protein source to provide appro~-
imately 520/0 crude protein. In the test diets, 10 to 500/0 of the WFM protein in the control diet was 
isonitrogenously replaced by MPF. A diet containing defatted soybean meal (SBM) at 200/0 replace-
ment level was also prepared. These diets were fed to satiation to the fish with an initial mean weight of 
10 g at 23･C. 
The daily feed consumption rate decreased as the MPF Ievel in the diets increased, whereas the con-
sumption rate of the SBM diet was almost the same as that of the control diet. No difference was ob-
served between the weight gains of the fish fed the control diet and the diets containing MPF at the 10 to 
300/0 replacement levels or SBM. Furthermore, the highest feed efficiency and retentions of protein and 
energy were noted in the fish fed the diet with the 300/0 MPF Ievel, and the lowest values in the fish fed 
the control and the SBM diets. 
These findings suggest that MPF can substitute 300/0 of WFM protein with the most effective utiliza-
tion of dietary protein. 
Key words: diet, feed efficiency, growth, malt protein fiour, alternative protein source, red sea 
bream 
Red sea bream Pagrus major is one of the most im-
portant fish species for aquaculture in Japan, and its an-
nual production in 1992 was about 66,000 tons, the second 
highest next to yellowtail Seriola quinqueradiata.1) The 
nutritional requirements of red sea bream have already 
been studied well.2,3) Since red sea bream readily accept dry 
pellets, commercial dry feeds are more common for this 
species than yellowtail.4) 
In spite of the importance of this species, fewer studies 
on the inclusion of alternative protein sources in diets for 
red sea bream have been conducted than for yellowiail. 
Ina et al.i,6) incorporated defatted soybean meal (SBM) 
and corn gluten meal (CGM) together with autolyzed alba-
core and squid viscera in red sea bream diets, and obtained 
equivalent or superior rearing performances to commer-
cial diets . Viyakarn et al. *3 reported that more than 50010 
of fish meal in a red sea bream diet could be replaced by a 
combination of SBM, CGM, and meat meal. However, 
the individual potentials of SBM and CGM as an alterna-
tive protein source for red sea bream diets were not clear 
from their experiments. Ukawa et al.7) recently reported 
that SBM could be incorporated at the 250/0 Ievel in a red 
sea bream diet. 
We investigated the potential of malt protein fiour 
(MPF), a new protein-rich ingredient, as an alternative pro-
tein source for fish meal in the diets for fingerling rainbow 
trout Oncorhynchus mykiss,s) and Japanese flounder 
Paralichthys olivaceus.9) The results obtained revealed that 
the max mum substitution level of fish meal protein by 
MPF was 400/0 for r inbow trout, and 200/0 for Japanese 
fiounder. Shimeno et al. ro) reported that the maximum sub-
stituti n level was also 200/0 for yellowiail. Although the 
reasons for the lower substitution levels for these sea-
water species than that for rainbow trout were not clear, 
we suggested in a previous paper that the digestibilities of 
the plant proteins by flounder are lower than those by rain-
bow trout.9) 
In this study, we examined the maximum substitution 
level of f sh meal protein by MPF in the diets for fingerling 
red sea bream. 
Materials and Methods 
Experimenta/ Diets 
Th  formulation and proximate composition of the ex-
p rimental di ts are shown in Table I . In the control diet 
(diet 1), white fish meal (WFM, Nippon Suisan Kaisha, 
Ltd.) was used as the sole protein source to provide approx-
imately 520/0 crude protein.3) In diets 2 to 6, 10 to 500/0 of 
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Formulation and proximate analysis of the experimental diets 
Diet no. 
MPF (o/o)*l 
1 2 3 4 s 6 7 
O (control) 10 20 30 40 so 20 (SBM)*2 
Ingredient (o/･ wet weight) 
White fish meal 
Malt protein fiour 
Soybean meal 
Pollock viscera oil 





Chromium oxide (500lo)*5 
Analysis (o/o dry weight) 
Crude protein (N x 6.2S) 
Crude fat 
Crude starch*6 
Gross energy (kcal/ 100 g diet) 
















































































*1 Replacement level of white fish meal protein by malt protein fiour. 
$1 20e/o of white fish meal protein was replaced by defatted soybean meal. 
$: Sakamoto et al. 14) 
$4 U.S.P. XII salt mixture with trace elements.li] 
*5 Chromium oxide: cellulose= I :1. 
$6 Carbohydrate hydrolyzed by boiling 50/0 HCI for 2 h. 
*7 Expressed as reciprocal of g/ml dlet packcd tightly in a I ml syringe.9, 
replaced by MPF. In diet 7, a commercial defatted and 
heated SBM (Marubeni Shiryo Co., Ltd.) was incorporat-
ed to replace 200/0 of the WFM protein as a reference to 
diet 3, which had the same replacement level by MPF. 
Crude fat content in each diet was adjusted with pollock 
viscera oil (Riken Vitamin Co . , Ltd.) to provide approxi-
mately ISo/o crude fat.3) A small amount of gelatinized 
potato starch was added to adjust the non-fiber carbohy-
drate level. Wheat gluten was used as a binding substance 
at the 30/0 Ievel. Chromium oxide was included as an indi-
cator for the analysis of apparent digestibility of nutrients. 
All these ingredients were thoroughly mixed, ~roistened by 
the addition of 100/0 water (v/w), and pelleted in a Califor-
nia pellet mill. The experimental diets wer~ stored at 
-20'C until fed to the fish. 
Relative volumes of the test diets were determined as de-
scribed in the previous paper.9) 
Fish and Feeding Procedures 
Fingerlings of red sea bream were transferred from the 
Mie Prefectural Fish Farming Center, Japan, to the Nan-
sei Station of the National Research Institute of Aquacul-
ture. The fish were first stocked into two net cages 
(1 .5 x I .5 x I .O m), set within a lO-ton glass fiber tank sup-
plied with sand-filtered sea water. The fish were fed com-
mercial feeds for marine fish (Nippon Formula Feed Mfg. 
Co., Ltd.) until they reached nearly 10 g. Then 20 fish of 
similar size were selected and stocked into each of 14 poly-
vinyl chloride tanks (25 x 60 x 35 cm, holding 40 1 of 
water) with duplication for each dietary treatment. Tem-
perature-regulated sea water (22.6d:0.5'C) was supplied 
at a fiow rate of 1.5 l/min, and the commercial feed was 
fed to the fish for another 2 weeks to acclimate them to the 
experimental conditions . Just before the start of the feed-
ing trial, 10 fish w re randomly sampled from a surplus 
tank an  stored at - 20'C for whole body proximate anal-
ysis. The experim ntal di ts were fed to the fish with an ini-
tia  m an weight of 10.2 g to satiation, 3 times per day, 6 
days per week for 6 weeks . The fish were weighed every 2 
weeks af er be ng anesthetized with 0.01Q/o 3-ethyl 
aminobenzoate methanesulfonic acid . At the end of the 
feeding trial, th ee fis  were sampled from each tank and 
stored at -20'C for proximate analysis. After 6 weeks 
feeding, the fish for each dietary treatment were pooled 
an  transferred to a round tank designed for collecting 
feces, and were fed each experimental diet. The feces were 
collected for two days each for the analysis of the apparent 
digestibilities of dietary protein and energy. 
A nalytical Methods 
The chemical analyses of the test diets, the whole bo-
dies, and the feces, and the calculations of parameters on 
the growih and feed performances were carried out as de-
scribed i  a p vious paper.8) The parameters of the dupli-
cates for each dietary treatment were compared using one-
way layout analysis of variance for the significance in the 
treatments (p < 0.05), and chi-square test for the uniformi-
ty of the variances (p<0.05), respectively. After these 
comparisons , Duncan's multiple range test was applied to 
determine significant differences between individual treat-
ments at a significance level of p < 0.05. However, statisti-
cal analyses of apparent digestibilities of nutrients were 
not carried ut because feces were collected from pooled 
fish of duplicate ta ks. 
Resu ts 
Performances of the Fish in the Feeding Trial 
46 
Use of MPF in Red Sea Bream Diets 
The weight gains of the fish fed diets containing MPF at 
10 to 300/0 replacement levels and a diet containing SBM 
were equivalent to that of the control diet (p> 0.05) (Ta-
ble 2). However, inclusion of MPF at 40 and 500/~ Ievels 
significantly reduced the weight gains (p<0.05). The 
highest feed efficiency was noted in the fish fed the diet 
with the 300/0 MPF Ievel, and the value was significantly 
higher than those of the fish fed the control and the SBM 
diets. The daily feed consumption rate gradually decreased 
as the level of MPF in the diets increased, however, the 
value for the SBM diet was similar to that for the control 
diet . 
Whole Body Composition of the Fish 
In general, the moisture in the fish at the end of the feed-
ing trial decreased and fat content increased as compared 
with the initial fish (Table 3). Dietary treatment did not sig-
nificantly affect the moisture, crude protein and crude fat 
content in the fish, except the slightly higher moisture and 
10wer protein contents in the fish fed the diets with the 40 
and 500/0 MPF Ievels. 
Apparent Digestibi!ity of Dietary Protein and Energy 
The apparent digestibilities of dietary protein of the con-
trol diet and the diets with the 10, 30, and 400/0 MPF Ievels 
(diets 2, 4, and S) were comparatively high at around 900/0 , 
while the values of the diets with the 20 and 500/o MPF Iev-
els (diets 3 and 6) were lower than the others (Table 4). The 
apparent digestibilities of dietary energy gradually 
decreased as the MPF Ievel in the diets increased. The 
digestibilities of protein and energy of diet 3 (20"/o MPF 
61 
level) may have been lower because of the short acclima-
tio  period for collecting feces. The digestibilities of pro-
tein and energy of the SBM diet (diet 7) were equivalent to 
those of the control diet. Although the digestible energy 
contents of diets 2 to 7 were lower than that of the control 
diet I , the differences between the control diet and diets 2, 
4, 5, and 7 were small. 
Reten ion of Protein and Energy in the Fish Body 
The retentions of both protein and energy in the fish 
body showed a similar endency as observed in the feed 
efficiency (Table 5), namely, the values in the fish fed the 
diet with the 30"/･ MPF Ievel were the highest across the 
group . However, statistical differences from the control 
group wer not de ected. 
Relative Volume of the Experimenta/ Diets 
Relative volumes of th experimental diets are plotted in 
Fig. I toget r with the values of daily feed consumption 
rate and diges ible energy content in the diets . All these 
values are expressed as percentages relative to the control. 
The relative volumes of the experimental diets showed a 
slightly incre sing trend as the level of MPF in the diets in-
creased. On the ot r hand, the volume of the SBM diet 
was slightly lower than that of the control diet. 
Discussion 
In he present study, 300/0 replacement of WFM protein 
by MPF n a red sea bream diet rcsulted in an equivalent 
weight gain to that of the control fish meal diet, and the 
Table 2. Crowth and feed performances of fingerling red sea bream fed the diets with different levels of MPF*l 
Diet no. 
MPF (o/a)*z 
l 2 3 4 5 6 
O (control) 10 20 30 40 50 
Pooled 20 (SBM)*3 SEM 
Average body weight (g) 
Initial 
Fin al 
Average weight gain (g) 
Average feed intake (g) 
Weight gain ("/.)*4 
Feed efflciency ('/.)*' 
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3 . 26* 
IOO 
10.42 
27 . 62 
17.20 
26. I O 
l 65･b 
65 . 9*b 
3 . 3orb 
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*1 Avcrage value of duphcate tanks containing 20 individuals each reared far 6 weeks at 23'C. 
*2,: See the footnote of Table l. 
*4 Calculated as detailed in the previous paper.E) 
*s Values with different superscripts in the same row are significantly differcnt (p<0.0S). 
Table 3. Whole body composition of fingerling red sea bream fed the experhnental diets ("ID)*l 
Diet no. 
MPF (o/o)*2 
1 2 3 4 5 6 
O (control) lO 20 30 40 50 
7 Pooled 20 (SBM)*3 SEM 
Initial Final 
Moisture 











67.8ab 67.8ab 6?.9'b 69.5b 







*1 Avcrage value of two pooled samples (3 f~shlsample) from duplicate tanks-
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Apparent digestibility of protein and energy of the experimental diets by fingerling red sea bream ("/･)*1 
Diet no. 
MPF (alo)*z 
1 2 3 4 5 6 7 
O (control) 10 20 30 40 50 20 (SBM)*3 
Protein 
Energy 
DE (kcal/ 100 g dry diet)*4 
















77 . 8 
429 
91.3 
85 . 1 
447 
$[ Values of sample from pooled fish of duplicate graups stacked in a round tank for collecting feces at 23'C. 
*2.~ See thc footnote of Tabie 2. 
*4 Digestible encrgy of each diet expressed as gross energy x digestibility of energy. 
Table 5. Retention of protein and energy of the experimental diets by fingerling red sea bream (O/･)*l 
Diet no. 
MPF (olo)*2 
1 2 3 4 5 6 7 





23 . 6a 
21 .8ab 
24 . 6a 







24. I * 
19.la 
22.4' 
O . 93 
1 .52 
*1 Average values of duplicatc tanks eontaining 20 individuals each reared for 6 weeks at 23'C. 
*2.3,s See the footnotc of Tablc 2. 















O 20 40 so 20(SBM) lO 30 
Replacement level by MPF in the diets (96) 
Fig. 1. Changes in the relative volume and digestible energy of the ex-
perimental diets, and the daily feed consumption rate of the diets by 
fingerling red sea bream. 
Values are expressed as percentages relative to the control. cl , rela-
tive volume; * , digestible energy; c , daily feed consumption rate. 
highest feed efiiciency and protein retention through the 
treatments . Thus, we conclude that MPF can substitute 
300/0 of WFM protein in the flngerling red sea bream diet 
with the most efi:ective utilization of dietary protein. This 
level is higher than that of 200/0 reported for both 
Japanese flounder9) and yellowiail.lo) Therefore, red sea 
bream could more effectively utilize MPF than fiounder 
and yellowtail. However, as the apparent digestibilities of 
dietary protein by red sea bream showed just a slight im-
provement relative to those by fiounder,9) further precise 
examinations, such as of the digestibility of protein in each 
protein source per se, would more clearly explain the differ-
ences. The 300/0 substitution of WFM protein by MPF in 
the present study is almost the same value as the 330/0 sub-
stitution of fish meal by SBM in a red sea bream diet 
reported by Ukawa et al.7) Thus, MPF proved to have the 
same potential as an alternative protein source as SBM in 
diets for red sea bream. 
In our previous studies on the utilization of alternative 
protein sources in the diets for rainbow trout,s,il) and 
Japanese flounder,9) we found that high levels of inclusion 
of MPF in the diet decreased the feed consumption rate, 
while the inclusion of SBM in the diet containing MPF in-
creased the rate. In this study, we reconfirmed that the dai-
ly feed consumption rate of fingerling red sea bream fol-
lowed a decreasing trend as the MPF Ievel in the diets 
increased, and the consumption rate of the fish fed the diet 
containing SBM was higher than that of the diet contain-
ing MPF at the same replacement level. Watanabe et 
al. *2,13) also noted that replacement of fish meal by SBM in 
the diets for rainbow trout and yellowtail increased the 
feed consumption, and they estimated that this was caused 
by the lower digestible energy contents in SBM diets , i.e. , 
fish consumed more feed with lower digestible energy con-
tent than the c ntrol fish meal diet to compensate the neces-
sary energy req irement. In our series of experiments de-
scribed above, the digestible energy contents of the diets 
more or less followed decreasing trends as the inclusion lev-
el of MPF increased, however, no marked increasing 
trends in feed consump ion were detected. 
As a reason for the discrepancy of feed consumption by 
he fish fed MPF di ts and SBM diets, we reported that the 
relative volumes o  flounder diets gradually increased as 
the level of MPF in the di ts increased, and the volumes of 
flound r die s containing both MPF and SBM gradually 
decreased as the level of both materials increased.9) In the 
report, we presumed the relative volume of a diet to be one 
of the factors which influenced the consumption of the 
diet as well as th  digestible energy content of the diet. In 
this study, a similar trend was observed in the volumes of 
the diets f r fingerling red sea bream. However, the feed 
consumption rates by red sea bream decreased more 
remark bly, possi ly because of the relatively higher diges-
tible energy con ents in igher MPF Ievel diets and of the 
b tter growih performances of the fish fed such diets as 
48 
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compared with the results in flounder.9) 
In the previous and present studies. MPF seems to bring 
about higher feed efficiency and protein retention, and low-
er feed consumption than SBM. As was effective for rain-
bow troutll) and Japanese fiounder,9) the use of MPF in 
combination with SBM even in red sea bream diets could 
be a practical way to counterbalance the demerits of both 
materials and to consequently improve rearing perfor-
mance . 
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Japan 
A 6-week feeding experiment was conducted to determine the optimum combinational ratio of soy-
bean meal (SBM) and malt protein flour (MPF) as alternative protein sources of fish meal in fingerling 
rainbow trout diets. In the control diet, brown fish meal (BFM) was used as the sole protein source to be 
430/0 crude protein. In the experimental diets, 600/0 of BFM protein was replaced by proteins from SBM 
and MPF. The combinational ratios of SBM and MPF were varied as 60:O, 40:20, 30:30, 20:40, and 
O:60 in the percentage of total dietary protein. In the fish fed the diet with the ratio of 30:30, almost simi-
lar levels of weight gain and protein retention with the control diet were noted, and moreover the 
energy retention based on digestible energy was higher than that of the control. These findings suggest 
that an equivaient combination of both alternative proteins can maximize the rearing performance of 
fingerling rainbow trout. 
Key words: alternative protein source, malt protein flour, soybean meal, rainbow trout 
Brewer's spent grain (BSG) has been used mainly as a 
low-grade feed ingredient only for cattle, because cattle, a 
ruminant, can partially digest fiber which is contained in 
BSG at about 600/e on a dry matter basis. However, the 
consumption of BSG has been decreasing due to its declin-
ing use as a feed for cattle and rising transportation costs 
in Japan. So it has become necessary to develo~ a new 
method by which BSG can be processed into a new sub-
stance that can be used for more diversified and value-ad-
ded purposes. Since BSG has quite a low protein content, 
approximately 270/0 on a dry matter basis, and a very high 
fiber content, direct mixing of the material itself into fish 
feed will lower the nutritive value. 
Malt protein flour (MPF) is a quite new and protein-rich 
ingtedient whose protein content is concentrated up to 
around 500/0 and whose fiber content is reduced to less 
than 300/0 by mechanical separation of the husk in BSG.1) 
Yamamoto et a!. have reported that MPF' can substitute 
400/0 of white fish meal protein in rainbow trout diet.2) 
Also Shimeno et a/. have shown that up to 200/0 MPF can 
be used in yellowtail diet.3) These results suggest that MPF 
is one of the promising alternative protein sources for fish 
meal, the production of which is anticipated to decline due 
to a recent rapid decrease of domestic sardine catch in 
Japan. 
MPF is an ingredient derived from malt, which is a ger-
minated barley. In the protein of grains, Iysine, one of the 
essential amino acids for man, Iivestock and fishes, is 
generally insufiicient. It is well known that a combination 
of bean and grain products effectively elevates its nutrition-
al value, because a shortage of lysine in grains is compen-
sated for by the beans. Also, Iow levels of sulfur-contain-
ing amino acids  be ns can be raised by supplementing 
g ains. In this xperim nt, we conducted a feeding study 
to determine the prop r combination of MPF and soybean 
meal (SBM) in fish feed using fingerling rainbow trout. 
Materials and Methods 
Experim n tal Diets 
The formulations nd proximate analyses of experimen-
tal diets are shown i  Table I . In diet I (control diet), 
brown fish meal (BFM) was used as a sole protein source 
o provide approximately 430/0 crude protein. In diets 2 to 
6, 600/0 of fish meal protein was replaced by combinational 
pro ins derived from SBM and MPF. The combinational 
ratios of two alternative protein sources was varied as 
60:O, 40:20, 30:30, 20:40 and O:60 in the percentage of pro-
te n as shown in Table I . The fat content in diets was ad-
justed with pollock viscera oil to be approximately 100/0 
crude f t. Gelatinized potato starch was supplemented to 
equalize the level of carbohydrate except dietary fibers. 
Th ingredients were thoroughly mixed, pelleted and stock-
ed at 5'C until used. 
Experinlent / Fish nd Feeding 
The fingerling rainbow trout were transferred from Shi-
ga Prefectural Samegai Trout Farm, Japan and reared in 
our laboratory for 2 months. Duplicate groups of 30 fish 
with mean body we g t of 5 g held in polyvinyl chloride 
tanks ( ater volume 20 l) were assigned to each experimen-
tal di t and acclima ed to experimental conditions for one 
week. The feeding experiment was conducted for 6 weeks, 
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Formulanons and proxlmate analyses of the expenmental After 6 weeks rearing, the fish of each tank were trans-
ferred into a round tank designed to collect feces and an 
Diet no. 3 5 4 
Dietary protein ratio ('/･) 
Brown fish meal 
Soybean meal 
Malt protein fiour 
100 40 40 40 40 40 O 60 40 30 20 O O O 20 30 40 60 
adequate amount of feces for each dietary treatment was 
collected to measure the digestibility of protein and energy 
in the diet. 
Ingredients ('/･) 
Brown fish meal 
Soybean meal*1 
Malt protein flour 
Pollock viscera oil$2 






Contents in diet (Ql･) 
Water 
Crude protein (N x 6.25) 
Crude fat 
Ash 













































































$] Commercial soybean meal defatted with hcxane. 
'a polbck viscera oil (Feed Oil Omega); Product of Rikcn Vitamin Company 
Ltd. 
$; The premix (in 100g diet): ThialTtin HCI 2.2mg. Riboffavin 8.9mg, 
Pyridoxine HCI 2.2 mg, Choline chloride 222 mg, Nicotinic acid 33 mg, Ca-
pantothenate 22 mg, Inositol 89 7ng, Biotin 0.2 mB, Folic acid 0.7 mg, Ascor-
bic acid 44 mg, VitaJnin K3 1 .8 mg, a-tocopherol 18 mg, Vitamin B12 4pg, 
Vitamin D: 2 pg, Vitamin A acetate 10,0001U. 
'4 u.S.P.XII Salt mixture no. 2 with trace elements.4] 
's Sodium carboxymethylcellulose. 
fish were fed to satiation by hand twice daily, 6 days a 
week. The fish were individually weighed biweekly after 
being anesthetized with 0.010/0 ethyl 3-aminobenzoate 
methanesulfonic acid. At the beginning and the end of the 
rearing experiment, 4 fish were randomly sampled from 
each tank and stocked at -20'C for proximate analyses. 
Analytical Methods 
Proximate analyses, measurement of digestibility and 
amino acid analyses were carried out as reported in a previ-
ous paper.2) Energies of diets, feces and fish bodies were 
measured by a Shimadzu Automatic Bomb Calorimeter 
CA-3 . Data of weight gain, feed efficiency, daily food con-
sumption, contents in whole body, apparent NPU, and 
percentage retention of protein and energy were analyzed 
for significance (p < 0.05) according to Duncan's multiple-
range test.s) 
Results 
Evaluation of Protein Sources 
The essential amino acid composition of the protein 
sources, egg, and whole body of fingerling rainbow trout, 
and its amino acid requirement are shown in Table 2. MPF 
contains slightly higher crude protein than SBM and the 
percentage of total essential amino acids is fairly close to 
that of fish meal. MPF also contains a higher level of total 
sulfur-containing amino acids than the other sources, 
which is a haracteristic of MPF. The first limiting amino 
acid of MPF is lysine and that of SBM is sulfur-containing 
amino acids (Table 3). Even in BFM, an insufiiciency of 
leucine or threonine is suggested. The chemical score of 
MPF was the lowest among the three sources used for the 
experimental diets, though it is higher than that of corn 
gluten meal (CGM) which belongs to the same grain group 
as MPF. Essential amino acid indexes (EAAI) of MPF, 
however, show almost similar values as those of SBM. 
Performance of Fish in Feeding Experiment 
Weight gains of the fish fed diets 3 and 4 (protein ratio 
Table 2. Essential amino acid composition of protein sources in diets, egg and whole body of rainbow trout, and the amino acid 
requirements for rainbow trout ('/e in protein) 
Protein sources Rainbow trout 
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4 . 25 
7.46 
8 . OS 
2 . 97 
0.99 
4.30 
3 . 62 
4.38 
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' otal essential aJrnino acids (o/･) in crudc protein. 
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Table 3. Evaluation of essential alnino acid balance in protein 
sources bascd on amino acid composition of egg, whole body or 
requirement of fingernng rainbow trout as the staudard compo-
sition 
Protein source: Brol~l Soybean Malt protein Corn fish meal meal flour gluten meal*l 
Ist limiting amino 
acid Egg Leu Wholc body Thr
Requirement 
Chemical score Egg 78 . 9 Whole body 79.6 
Requirement 100 
Bssential amino 






















Apparen t Digest bility of Dietary Pro tein and En ergy 
The highest value of apparent digestibility of protein 
was obtained in the control diet and it gradually decreased 
as the substitution level of MPF increased (Table 6). For 
v lues of energy, the control diet showed the highest value 
and the diets having higher levels of MPF showed lower 
digestibilities . Digestible energy in the experimental diets, 
therefore, were almost similar except for the control diet, 
though the gross energy tended to be higher in the diets 
containing higher levels of MPF. 
Table 5. Effect of dietary treatment on whole body composition of 







Diet Dietary crudef2 Crude*2 Crude*2 protein ratio Moisture*2 no. protein ash f at BFM:SBM:MPF*3 
*1 Based on amino acid compositions of corn gluten meal cited by Ariyoshi.8) 
$2 Sulfur-containing amino acids (Methionine+cystine). 
of SBM and MPF, 40:20 and 30:30) were statistically not 
different from that of the control diet (diet l) as shown in 
Table 4, but the gain gradually decreased as the ratio of 
MPF increased in diets 5 and 6. The highest value of feed 
efiiciency was noted in the fish fed the control diet, fol-
Iowed by the fish fed the diets containing higher levels of 
MPF. Protein efbciency ratio ranged from I .7 to 2.2 and 
showed a similar tendency to feed efficiency (not listed in 
the tables) . On the contrary, the daily food consumption 
rate declined as the MPF supplement increased. A strong 
appetite was recognized in the fish fed diet 2 with only 
SBM as an alternative protein source. No mortality was ob-















7 1 . 9b 
71.8b 
71.1' 
7 1 .3'b 























'] Average value of two pooled samples (4 fishlsample) frcm each group reared 
for 6 weeks at 15'C. 
*2,3 See the footnote of Table 4. 
Table 6. Effect of dietary treatment on the apparent digestibility of 
protein and energy in test diets by fingerling rainbow trout*l 
Ratio of Digestibility Digestibility 
Diet protein sources 
no. BEM:SBM:MPF*2 
f of protein energy (o/o) (ol~) 
Digestible 
energy in diet 
(kcal/ 100 g diet) 
Whole Body Composition of Experimental Fish 
At the end of the feeding experiment, the moisture 
decreased and fat content increased compared with those 
of the fish at the beginning (Table 5). There were no statisti-
cal differences in protein, fat, and ash contents among all 
dietary treatments . Though moistures of the fish fed diets 
3 to 5 were statistically lower than those of the others , the 



















79 . 9 
69.7 
70.0 









*1 Values of pooled sample from duplicate tanks for coilecting feces at 15'C. 
*2 See the footnote of Table 3. 
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13.56 
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*1 Average value of dupllcate tanks cont2ining 30 individuais each reared for 6 weeks at 15'C. 
*2 Vaiues with different superscripts in the same cQlumrL are significantly difilerent (p <0.05).s] 
*3 BFM; brown fish meal. SBM; soybean meal. MPF; malt protein fiour. 
~, Expressed as (wet weight gain/dry feed intnke) x 100. 
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Control 60: O 40:20 30:30 20:40 O:60 
RAT I o 
Fig. 1. Protein retention (o/o) and apparent NPU (o/o) in fingerling rain-
bow trout fed the diets having several combinational protein ratios 
of soybean meal and malt protein fiour. 
Values with difBerent superscripts in the same column are sig-
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Control 60: O 40:20 30:30 20:40 O:60 
RAT I o 
Fig. 2. Energy retentions (D/･) based on gross energy and digestible 
energy in fingerling rainbow trout fed the diets having several com-
binational protein ratios of soybean meal and malt protein flour. 
Values with different superscripts in the same column are sig-
nificantly different (p<0.05). (1; gross energy, U~ digestible 
energy). 
Retentions of Dietary Protein and Energy in Body 
The rate of retention of dietary protein in the body was 
the highest in the fish fed the control diet and the lowest in 
the diet having only SBM as an alternative protein source 
(diet 2) (Fig. 1). The fish fed the diets containing MPF 
(diets 3-6) showed middle values between these two diets 
described above. Apparent NPU tended to increase as the 
substitution level of MPF increased, and apparent NPUs 
of the fish fed diets having more than 300/0 Substitution of 
MPF protein were not statistically different from that of 
the control group . The rates of energy retention in the 
body are shown in Fig. 2. In the rate based on gross 
energy, the control group showed the highest value and the 
energy retention of the fish fed diet 2 with only SBM was 
the lowest. In contrast, based on digestible energy, the 
highest value was noted in the fish fed the diet having an al-
ternative protein ratio of 30:30 (diet 4). 
Discussion 
The alternative protein source in fish feeds should have 
the following features; (1) can be inexpensively supplied in 
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large quantities, (2) the quality is consistent, (3) must be 
harmless for fish and humans who consume the product, 
(4) must contain an adequate level of protein for fish, (5) 
must have a proper balance of essential amino acids for 
normal growih and physiology of fish, and (6) the diges-
tibility of the protein must be high. At present, none of the 
ingredients fulfill all of these conditions except fish meal. 
This means that research work to utilize alternative protein 
sotrrces must study how to compensate for the weak points 
of each ingredient by selecting the optimum combination 
of ingredients up to the level of fish meal as much as possi-
ble. 
A constant supply of inexpensive ingredients is much 
desired by commercial feed companies. At present, plant 
materials are given the most attention from this viewpoint. 
However, they generally have low protein content, which 
is inadequate as a fi h feed. Therefore, practical use of 
these materials is limited to ingredients whose protein level 
is elevated by an industrial process, such as SBM and 
CGM. SBM has nearly 500/0 crude protein and comparative-
ly balanced essential amino acids . The annual production 
of SBM is approximately three million tons in Japan and 
this is more than sufficient to cover the need for fish feeds. 
Thus, SBM can be considered to be the most promising 
alternative protein source. However, SBM has the demerit 
that it lacks sulfur-containing amino acids, while materials 
which are derived from grains such as CGM are rich in sul-
fur-containing amino acids. It is already known that some 
portion of fish meal can be substituted by combinational 
use of SBM and CGM in rainbow trout9,lo) and yellow-
tail. Il-Is) On the other hand, it is now clear that the essential 
amino acid balance (chemical scores and EAAls) in MPF 
is much better than in CGM, as shown in Table 3 . Better 
effects from combinational proteins are expected by the 
use of MPF than CGM as a companion of SBM. 
In this experiment, the results of weight gain, feed 
efficiency, apparent NPU, retention of protein and energy 
indicated that the optimum ratio of SBM and MPF was 
30:30 in protein level, i.e. an equivalent supplementation 
of both alternative proteins can produce the best growth 
performance in fingerling rainbow trout. 
The evaluations of essential amino acid balance in each 
diet bas d o  amino acid composition of egg, whole body 
or r quirem nt f fingerlmg rainbow trout are shown in Ta-
ble 7. Th  first limiting amino acids were leucine or threo-
nine in diet I or 2, and lysine in diets 3-6 containing higher 
levels of MPF, when b ed on egg or whole body. This sug-
gest  that even BFM protein does not have a complete es-
sential amino acid bala ce for rainbow trout. 
In the ch mical score and E~~1 based on the amino 
acid requirement of rainbow trout, the scores were 100 in 
most diets, nev rtheless fluctuations were observed in the 
actual exp riment. On the other hand, various values were 
shown when based on amino acid composition in egg6) or 
whole body.7] Especially in the case of egg, there was a 
high positive correl tion between E~LI based on amino 
acid composition in egg and protein retention of the test 
fish (Fig. 3). Thus, these findings suggest that EA~I based 
on egg amino acid composition can be one of the indica-
tors used to evaluate combinational proteins, and the 
values of ssential amino acid requirements are not ade-
quate to evaluate the balance in protein sources . 
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Table 7. Evaluation of essential amino acid balance in experimen-
tal diets based on amino acid composition of egg, whole body 
or requirement of fingerling rainbow trout as the staudard com-
position* 
Acknowledglnents The authors are grateful to Shiga Prefectural 
Samegai Trout Farm for the supply of the experimental fish, and also 
wish to thank Dr. T. Murai, Japan Marine Fishery Resources Research 
Center for his critical review of the manuscript. 
Diet no. 1 2 3 4 5 6 
Ist limiting amino acid 
Egg Leu 




Whole body 77. l 
Requirement l OO 
Essential amino acid index 
Egg 90.5 
Whole body 94.0 
Requirement lOO 
Leu Leu Lys Lys Lys Thr Lys Lys Lys Lys - ys 
74.8 





78.6 78,8 75.1 68.8 
68 .7 66. 1 63 .O 57. 7 
100 100 100 94.7 
87.3 88.0 88.4 88.8 
89.8 90.2 90.2 89,9 
100 100 100 99.5 
' he values of each antino acid in thc diets were calculated using the data of pro-
tein sources in Table 2. 
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Fig, 3. Relationship between essential amino acid index in diets and pro-
tein retention of the fish fed the diets having several combinational 
protein ratios of soybean meal and malt protein fiour. 
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Utilization of Malt Protein Flour in Fingerling 
Japanese Flounder Diets 
Takeshi Yamamoto Tatsuya Unuma,*and Toshio Akiyama* 
(R*cei+*d D*'e~b** 9, 1994) 
Two feeding experiments were conducted to evaluate the nutritional value of malt protein flour 
(MPF) as an alternative protein source for fish meal in the diets for fingerrng Japanese flounder 
Paralichthys olivaceus. In experirnent 1, 10 to 50% of white fish meal (WFM) protein in the control diet 
was isonitrogenously replaced by MPF, and in experiment 2, 20 to 40% of WFM protein was replaced 
by a combination of MPF and defatted soybean meal (SBM) at a protein ratio of I : 1. These diets 
were fed to fingerling flounder with an initial mean weight of about 15g for 4 weeks at 20 'C. 
In experiment l, weight gain and feed efficiency in the fish fed diets with 10 and 20% replacement 
levels were not significantiy different from those of the control group. The combined use of MPF and 
SBM in experirnent 2 improved the inferior weight gains in the fish fed diets with 30 and 40% 
replacement levels in experiment l, up to 81 and 84% of the weight gain attained by the control group, 
respectively, 
These results suggest that MPF can substitute 20% of WFM protein in a fingerling flounder diet, 
and that use in combination with SBM would be one of the ways to improve the perforrnance of the fish 
fed MPF diets. 
Ksy words : dlet, growih. Japanese flounder, malt protein flour, protein source, soybean meal 
Previously, we have reported on the utilization of malt protein flour (MPF), a new protein-rich 
ingredient made from brewer's spent grain, in the diets for fingerling rainbow trout Oncorhynchus mykiss. 
The results obtained revealed that (D MPF was a promising alternative protein source for fish meal and 
could substitute 40% of white fish meal (WFM) protein, and OO% of WFM protein with the 
supplementation of crystaWne essential amino acids (EAA) (Yamamoto et al. 1994b), and that (2) the 
combined use of MPF and defatted soybean meal (SBM) at the crude protein ratio of I : I improved EAA 
balance in the diets and caused better growth and feed performances than the use of either MPF or SBM 
alone (Akiyama et al. 1993, Yamamoto et al. 1994a). In sea-water fish, Shimeno et al. (1994) showed 
that MPF could substitute up to 20% of fish meal in the diets for fingerling yellowiail Seriola 
quinquerad iata. 
In this research, we studied the utilization of MPF in the diets for fingerling Japanese flounder 
Paralichthys olivaceus, and conducted two feeding experiments to examine the maximum substitution 
level of MPF for WFM protein, and the effect of combined use of MPF and SBM. 
* Inland Station, National Research Institute of Aquaculture, 
f~UI~C~~ : ~~~~~f~~t~~lE･_~~:r~T~~) 
Tamaki, Mie 519-04, Japan (lll~l~~U~~, 
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Materials and Methods 
Eaperimental diets The formulations and proximate anaiyses of the test diets in experirnents I and 2 are 
presented in Tables I and 2, respectively. In experirnent 1, WFM was used as a sole protein source to 
provide approxirnately 50% crude protein in the control diet (diet 1). In diets 2 to 6, 10 to 50% of WFM 
protein in the control diet was isonitrogenously replaced by MPF. Fat content in the diets was adjusted 
with polbck viscera oil to provide approxirnately 10% crude fat. Gelatinized potato starch was 
supplemented to adjust gross energy content. Wheat gluten was used as a binding substance at 5% 
level after Yamamoto and Akiyama (1992). In experiment 2, 20 to 40% of WFM protein in the control 
diet (diet 1) was isonitrogenously replaced by MPF and SBM in diets 2 to 4. The ratio of MPF to SBM 
was I : I on a crude protein basis following Akiyama et al. (1993). An these ingredients were thoroughly 
mixed and moistened by addition of 10% water (vlw), and then pelleted in a Califomia pellet rnill. The 
test diets were stored at -20 'C until being fed to the fish. 
In this paper, we introduced a new concept of "relative volume" expressed as volume in ml per unit 
weight in grams of a diet or an ingredient to examine the relationship between food volume and food 
consumption rate. The homogenized materials, diets or ingredients, were packed tightiy by hand with a 
Table 1. Formulations and 
ment 1 
proximate analyses of the diets in expen-
Diet no. 
MPF (%)*1 
l 2 3 4 5 6 
O (controD lO 20 30 40 50 
Ingredient (% wet weight) 
White fish meal 
Malt protein flour 
Pollock viscera oil 













































Analysis (% dry weight) 
Crude protein (N x 6. 25) 
Crude fat 
Gross energy (kcal/lOOg diet) 






















* I eplacement level of malt protein flour for, white fish meal protein in diet 
1. 
Sakarnoto et al. (1979). 
U.S.P.XII salt mixture with trace elements (NRC 1973). 
As a binder aker Yamamoto and Akiyama (1992). 
Chromium oxide : cellulose=1 : l. 
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Table 2. Fonnulations and proximate analyses of the diets 
in experiment 2 
Diet no. 
MPF and SBM (%)*l 
l 2 3 4 
O (controD 20 30 40 
Ingredient (% wet weight) 
White fish meal 
Malt protein flour 
Soybean meal 
Polbck viscera oil 





































Jknalysis (% dry weight) 
Crude protein (N x 6. 25) 
Crude fat 













*1 Replacement level of the combination of MPF and SBM for 
white fish meal protein in diet l. 
*2-5 See the footnotes of Table l. 
plunger in a I ml syringe and weighed. The relative volume was expressed as the reciprocal of the 
grams per ml value. The relative volumes of several ingredients and the test diets are presented in 
Table 5. 
Fish and Feeding Procedures The test fish in experiments I and 2 were transferred to the National 
Research Institute of Aquaculture (Nansei Station. Mie, Japan) from the Mie Prefectural Fish Fanning 
Center. Japan, and from the Nansei-cho Fish Seed Center, Mie, Japan, respectively. In both 
experiments, 20 fish were stocked in a polyvinyl chloride tank (60 x 25 x 30 cm, holding 40 1 of water) for 
each dietary treatrnent (2 replicates for each treatment), and supplied with temperature-regulated sea 
water (20 ~0.2 'O at a rate of 1.5 l/min. The fish were fed a commercial diet and were acclimated to 
the experirnental conditions for 2 weeks before the start of feeding trials. In the feeding trials, the fish 
were fed the test diets to satiation by hand twice per day, 6 days per week for 4 weeks. The initial 
mean weights of the fish were 14 g in experirnent I and 15 g in experiment 2. Just before the start of 
the feeding trials, 10 fish were randomly sacrificed and stored at - 20 'C for the proximate analyses of 
the whole body. The fish were weighed every two week after being anesthetized with O. O1% ethyl 3-
aminobenloate methanesulfonic acid. At the end of the feedng trials, 3 fish were randomly sampled 
from each tank and stored at -20 'C for proximate analyses. 
During the last 2 weeks of the feeding trials, feces were collected by forceps with small scoops 
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mounted on the tips. Before and after each feeding of a day, the feces were picked up from the tanks 
with the forceps and pooled by each tank for the analyses of apparent digestibility of the nutrients. 
Analytical Methods Proximate analyses of the test diets, the whole bodies, and the feces, calculations of 
parameters on growth and feed performances, and statistical analyses of the parameters, were carried 
out according to the methods described in Yamamoto et al. (1994b). 
Results 
Experiment I The results of experirnent I are presented in Table 3. Weight gain, feed efficiency, and 
retentions of protein and energy of the fish fed diets containing MPF at 10 and 20% replacement levels 
showed no significant differences (p > 0.05) compared with the fish fed the control diet. However, 
further levels of replacement of WFM by MPF significantly reduced weight gain, feed efficiency, and 
Table 3. Growih and feed perforrnances of J~panese flounder in experirnent 1*l 
Diet no. 
MPF (%)*2 
1 2 3 4 5 6 
O (controD lO 20 30 40 50 
Growth and feed performances 
Average body weight (g) 
Initiai 
Final 
Average weight gain (g) 
Average dry food intake (g) 
Weight gain (%)*3 
Feed efficiency (%)*3 






















































Whole body composition ('~o) 
Initial 
Moisture 78. 9 
Crude protein 16. l 
Crude fat O. 9 
76. 3' 
16.9s 
2 . 8bc 
75. 6a 
17. 3a 
2 . 9c 
76. 2a 






1 7, oa 
2, 4ab 
76. 7a 











































Average value of duplicate tanks containing 20 fish each reared for 4 weeks at 20 'C. 
See the footnote of Table l. 
Calculated as detailed in Yamamoto et al. (1994b). 
Values in the same row followed by different letters are significantly different (p < 0.05). 
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retentions of protein and energy (p < 0.05). For example, the weight gains of the fish fed diets with 30 
and 40% MPF Ievels were only 62 and 49% of the weight gain attained by the control group. Daily food 
consumption gradually decreased as the level of MPF in the test diets increased. In the whole body 
composition, moisture and crude protein did not vary signiticantly among the treatments, however, crude 
fat contents in the fish fed diets containing MPF at 40 and 50% Ievels were lower than the others. 
Apparent digestibility of the dietary protein in the control diet and the diets with the 10 to 30% MPF 
levels showed no sigaificant differences, however, the values of the diets with the 40 and 50~1~o MPF 
levels were sigrrificantly lower than that of the control diet. Additionaliy, apparent digestibility of the 
dietary energy decreased as the MPF Ievel in the test diets increased. 
Eaperiment 2 The results of experirnent 2 are presented in Table 4. The fish fed a diet containing 
MPF and SBM at 20% replacement level showed good growth without a significant difference irom the 
control group. Although weight gains in the fish fed diets with 30 and 40% replacement levels were stm 
Table 4. Growth and feed performances of Japanese flounder in experiment 2*l 
Diet no. 
MPF and SBM (9i20)*2 
l 2 3 4 
O (control) 20 30 40 
Growih and feed performances 
Average body weight (g) 
Initial 
Final 
Average weight gain (g) 
Average dry food intake (g) 
Weight gain (%)*3 
Feed efficiency (%)*3 






































Whole body composition (%) 
htitiai 
Moisture 77. 7 
Crude protein 16. 6 













































Average value of duphcate tanks containing 20 fish each reared for 4 weeks at 20 'C. 
See the footnote of Table 2･. 
See the footnotes of Table 3. 
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lower than that of the control group, the values were improved up to 81 and 84% of the weight gain 
attained by the control group. Feed efficiencies in the fish fed diets containing MPF and SBM were 
slightly lower than that of the control group, but no significant differences were detected between the 
control group and the others. Daly food consumption was similar over all treatments. Proximate 
composition of the whole bodies did not vary between the groups. Apparent digestibilities of dietary 
protein and energy by the fish fed the diets with the 30 and 40% replacement levels were lower than 
those of the control diet, however, the differences were small. A]though significant differences were 
observed in protein and energy retentions between the control group and the others, the differences 
were small and even fish fed the 40% replacement level test diet attained 91% of the control value for 
protein retention and 86% of the control value for energy retention. 
Relative Volume of the Ingredients and the Test Diets 
of MPF, and higher than that of SBM (Table 5). 
Th  relative volume of WFM was lower than that 
The v lumes of carbohydrates such as gelatinized 
Table 5. Relative volume of the ingredients and the test 
diets, daily food consumption, and digestible 
energy in experiments I and 2 
Ingredient or diet no. Relative volume*l DFC*2DE*3 
White fish meal 
Malt protein flour 
Soybean mea] 














































(MPF + SBM% 20) 
(MPF + SBM% 30) 

















* I xpressed as reciprocal of g/ml ingredient or test diet 
packed tightly in a I ml syringe. 
Daily food consurnption (%) of the fish fed each diet. 
Digestible energy (kcal/lOO g diet) of each diet expressed as 
gross energy x digestibility of energy. 
See the footnote of Table 1. 
See the footnote of Table 2. 
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potato starch and cellulose were much higher than the protein sources used in this study. The relative 
volumes of the test diets in experiment I gradually increased as the replacement level by MPF increased. 
On the contrary, the volumes of the diets in experiu]ent 2 decreased as the replacement level by MPF 
and SBM increased. 
Daily food consumptions by the fish and digestible energy contents of the diets in both experiments 
are listed together in Table 5 to facilitate examination of the relationship to the relative volumes of the 
diets. Digestible energy contents (gross ehergy >< digestibihty of energy) of the diets reflected the trend 
in the digestibility of energy and followed a ~ecreasing trend. 
Discussion 
Only a few examinations have been conducted on the utilization of altemative protein sources for fish 
meal in flounder diets. Kikuchi et al. (1993) reported that purified SBM was the most promising among 
several sources, and subsequently Kikuchi et al. (1994) further reported that 12 to 25% of feather meal 
could be incorporated in the diet. In the present study, the maximum substitution level of MPF for 
WFM protein in the flounder diet was estimated to be 20~*. In yelbwtail. Shirneno et al. (1994) recently 
obtained the sirnnar result that the substitution level of MPF for fish meai protein was about 20%. 
These substitution levels of MPF are low compared with the values of 40% in rainbow trout (Yamamoto 
et al, 1994b), and 30% in red sea bream P~rus major (Yamamoto et al. 1994c). 
Comparing the results of the present two experirnents, the growih and feed performances in the fish 
fed diets with 30 and 40% replacement levels in experirnent I were improved in experirnent 2, so that the 
beneficial effect of combining MPF atid SBM was reconfirmed in flounder as observed in rainbow trout 
(Akiyama et al. 1993, Yamamoto et al. 1994a). However, the fish performances could not reach the 
levels of the control group. 
There are two potential main causes of the inferior perfonnances in the flounder fed diets containing 
higher level of MPF. One is a poorer essential antino acid balance in the diets. Although the 
quantitative amino acid requirement of flounder has not been elucidated yet, fingerling flounder might be 
more sensitive to the EAA balance in MPF diets than rainbow trout. The other is a poorer digestibility 
of the nutrients in MPF, especially that of the protein. The apparent digestibilities of MPF and SBM 
proteins by rainbow trout were reported to be 82% (Yamamoto et al. 1994b), and 83 to 94% (Nose 1971, 
Pongrnaneerat and Watanabe 1993), respectively. Unpublished data of Yamamoto et al. revealed that 
the apparent digestibnities of MPF and SBM proteins by fiounder was 69 and 80%, respectively. Thus, 
the ability of fiounder to digest plant proteins seems to be lower than rainbow trout. 
In flounder, Kikuchi et al. (1992) reported that dietary carbohydrate did not spare dietary protein, 
and Yamamoto and Akiyama (1992) showed that dietary fat also did not show protein sparing effect. 
Judging from these observations, flounder appear highly dependent on protein as their energy source. 
In flounder diets, therefore, it is necessary to use protein sources with high digestibility. Thus, further 
examinations are necessary to develop a processing method for improving the digestibility of protein in 
MPF as well as to establish a hetter combination among several protein sources which would bring about 
a better EAA balance for fiounder. 
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Daily food consumptions in the fish fed diets with MPF and SBM in experiment 2 were the sarne 
across the groups (Table 4) in contrzist with the decreasing trend across the groups in experiment l 
(Table 3). Akiyarna et al. (1993) observed that daily food consurnption increased as the SBM : MPF 
ratio increased in rainbow trout diets: Thus, inclusion of SBM in a diet containing MPF appears to 
enhance food intake. Further, Yamamoto and Akiyama (1991) previously reported that daly food 
consumption in rainbow trout increased as the replacement level of WFM by SBM in the diets increased. 
Watanabe et al. (1992, 1993) also observed sirnilar phenomena in yellowtail and rainbow trout and they 
suggested that the increase of food consumption caused by SBM might be partly due to the lower 
digestible energy content in the SBM diets. 
It is possible that other factors infiuence daly food consurnption. For exarnple, in the present 
work, the daily food consumption did not increase despite the fact that the digestible energy content 
decreased as the MPF Ievel in the diets increased (Table 5). One factor that may infiuence food 
consumption is the relative volume of diets and ingredients. In this study, the relative volumes of the 
flounder diets containing MPF folbwed an increasing trend. By contrast, the volumes of the diets 
containing both MPF and SBM followed a decreasing trend. We found that the relative volumes of 
dietary components were reflected in the volume of the diets. Among the protein sources used in this 
study, the relative volume was the highest in MPF, intermediate in WFM, and the lowest in SBM. 
Therefore, if au fish ate the same volume of feed to fill the stomach capacity, then the fish fed the highest 
level of MPF would eat the least weight, WFM intermediate and SBM the most weight. Accordingly, in 
experirnent 1, daiiy food consurnption expressed as weight of food consumed decreased as the 
replacement level of WFM by MPF increased. In experitnent 2, half of MPF in experirnent I was 
replaced by SBM in the diet, so that the fish could consume more weight of the diet with lower relative 
volume, and the food consumption did not decrease in consequence. 
In the present study, WFM was replaced by an isonitrogenous amount of ivlpF or a combination of 
MPF and SBM. In addition, gelatinized potato starch and cellulose, which have high values of the 
relative volume (Table 5), were supplemented to adjust energy content and total weight of the 
ingredients, respectively. The total amounts of these carbohydrates in the diets decreased as the 
replacement levels increased. Therefore, the decreasing trend in daily food consumptions in experirnent 
1 and the increasing trend in experirnent 2 were less marked than expected shnply from the volumes of 
the respective protein components. 
Because about one-third of MPF is composed of non-nutritive carbohydrates such as hemicellulose 
and cellulose (Yamamoto et al. 1994b), reduction of such carbohydrates in MPF would be one of the ways 
to increase consumption of MPF diets and possibly to improve growth performance in conSequence. 
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Utilization of Malt Protein Flour in Fingerling Carp Diets*1 
Takeshi Yamamoto,*2 Tatsuya Unuma,*2 Toshio Akiyama,*2 and Sohtaroh Kishi*3 
*2lnland Station, National Research Institute of Aquaculture, Tamaki, Mie 519-04, Japan 
*3Toride Factory. Kirin Brewery Co., Ltd.. Toride, Ibaraki 302, Japan 
(Recetved November 1 7, 1 995) 
A feeding experiment was conducted to evaluate the nutritional value of malt protein flour (MPF) 
in diets for fingerling carp Cyprinus carpio . In the control diet, white fish meal (WFM) was used as the 
sole protein source to provide approximately 350/0 crude protein. In the test diets, the WFM protein in 
the control diet was isonitrogenously replaced by; (1) MPF at the 20, 40, and 600/0 Ievels; (2) a combina-
tion of MPF and defatted soybean meal (SBM) at the 40 and 600/0 Ievels; (3) MPF supplemented with 
crystalline essential amino acids (EAA) at the 600/0 Ievel; and (4) extruded MPF at the 600/0 Ievel. These 
diets were fed to satiation to fingerling carp with an initial mean weight of 5.5 g for 6 weeks at 26'C. 
The fish fed the diets with the 20 and 400/0 MPF substitution levels, and the 600/0 MPF Ievel sup-
plemented with EAA, showed good growth, feed efficiency, and retention of dietary protein, and the 
values of these parameters were not significantly different from those of the control group. Moreover, 
the weight gains of the fish fed the diets containing both MPF and SBM at the 40 and 600/0 replacement 
levels were significantly higher than that of the control group. 
These findings suggest that the use of MPF in combination with SBM is more effective as a substitu-
tion of fish meal in fingerling carp diets than is either MPF alone or MPF supplemented with crystalline 
EAA . 
Key words: alternative protein source, carp, diet, growth, malt protein flour, soybean meal 
Nutritional evaluation of malt protein flour (MPF) as an 
alternative protein source for fish meal has been conducted 
with rainbow trout Oncorhynchus mykiss,1-3) Japanese 
fiounder Paralichthys olivaceus,4) red sea bream Pagrus 
major,5) and yellowtail Serio!a quinqueradiata.6) The 
results obtained from these studies have revealed that 
MPF is a promising alternative protein source for fish 
meal, and that the maximum substitution level of fish meal 
protein by MPF is between 20 and 400/0. Moreover, the 
nutritional quality of a diet containing MPF is enhanced 
when this protein source is combined with defatted soybe-
an meal (SBM) in diets for both rainbow trout2,3) and 
Japanese flounder.4) However, these 4 fish species are com-
paratively carnivorous and no work has been conducted 
on the utilization of MPF by omnivorous or herbivorous 
species. 
The present study was , therefore, conducted to evaluate 
the nutritional value of MPF as an alternative protein 
source for fish meal in diets for fingerling carp Cyprinus 
carpio, and to find the maximum substitution level of the 
fish meal protein by MPF. The nutritional value of a mix-
ture of MPF and SBM, of MPF with supplemental crystal-
line essential amino acids (EAA), and of extruded MPF 
(EXMPF) were also examined. 
Materials and Methods 
Experimental Diets 
The formulation and the proximate composition of the 
experimental diets are shown in Table I . In the control diet 
(die  l), white fish meal (WFM, Emerald Seafoods, USA) 
wa  us d as the sole protein source to provide approximate-
ly 350/0 crude protein. In order to determine the maximum 
substitution level of WFM protein by MPF, three diets 
(diets 2, 3 and 4) were prepared, in which 20, 40, and 600/0 , 
respectively, of th  WFM protein in the control diet was 
isonitrogenously replaced by MPF. Two diets (diets 5 and 
6), in which 40 and 600/0 of the WFM protein in the con-
trol diet was replaced isonitrogenously by MPF and SBM 
(Marube  Shiryo Co. , Ltd.. Japan), w-*re prepared to in-
vestigate the nutritional value of the mixture of these two 
ingred ents. The crude protein ratio of MPF to SBM in 
these diets was I : I following the result of Akiyama et al. 2) 
Another diet (diet 7) was prepared, in which crystalline 
E~L was supplem nted t  a 600/0 MPF replacement level 
diet, so that the EAA content was comparable to that of 
th  control iet. The composition of EAA supplemented 
was calculated based on the analyzed EAA compositions 
of WFM and MPF (Table 2). In the final diet (diet 8), 600/0 
of the wrM protein in the control diet was replaced by Ex-
MPF protein. The extrusion conditions of MPF are as fol-
lows: feed rate (kg/h), 70; water injection (kglh), 40; 
steam injection (kglh), 8; material press (bars), 16; materi-
al temp. ('C), 137. As the EXMPF was processed from a 
different lot of MPF that was used in other diets, the proxi-
mate and amino acid compositions of the EXMPF are 
slightly different from those of the MPF (Table 2) . Pollock 
visceral oil (Riken Vitamin Co., Ltd., Japan) was sup-
plemented to adjust the crude fat level of the diets to 100/0 . 
Gelatinized potato starch was also added to adjust the 



































































































































































































































































Use of MPF in Carp Diets 
Essential amino acid composition of the experimental diets (g/ 100 g diet)*1 
78s 
Diet no . l 2 3 4 5 6 7 8 
Replacement (o/o)*2 O(control) 20MPF 40MPF 60MPF 
Carp 
60MPF 60MPF 60EXMPF + SBM + SBM + EAA 
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*1 Calculated from the analyzed amino acid composition of the protein sources taking into consideration of supplemental crystalline amino acids. 
'2 See the footnote of Table i. 
': Essential amino acid requirement of carp at 35'/. dietary crude protein ievel reported by Ogin0.7] 
*4 Essential amino acid index using A/E ratios of carp requireme!~t7] as the reference pattern. 
non-fiber carbohydrate level of the diets. Chromic oxide 
was included as an inert reference substance for determin-
ing apparent digestibility of nutrients. The EAA indexes 
(EAAI) for these diets, which were calculated using A/E 
ratios of the EAA requirement of carp,7) are given in Table 
3. All the ingredients were thoroughly blended, moistened 
by addition of 100/･ water (v/w), and then pelleted in a 
Laboratory Pellet Mill CL-2 (California Pellet Mill Co., 
USA). The pelleted diets were stored at - 20'C until fed to 
the fish. 
Fish and Feeding Procedures 
Carp fingerlings were transferred from the Gunma 
Prefectural Fisheries Experimental Station to the National 
Research Institute of Aquaculture (Inland Station). The 
fish were stocked into three tanks (90 X 45 x 45 cm, holding 
1 OO / of water), and were fed a commercial carp feed (Nip-
pon Formula Feed Mfg. Co., Ltd., Japan) for I month at 
25'C. Twenty similar-sized fish were then selected and 
stocked into each of 16 polyvinyl chloride tanks 
(50 x 20 X 35 cm, holding 20 1 of water) where they were ac-
climated to the rearing conditions for two weeks. The 
tanks were supplied with preheated well water (26 :!: 0.3 'C) 
at a fiow rate of I l/min. In the feeding trial, fish in dupli-
cate tanks (mean initial weight of 5 .5 g/fish) were fed each 
of the experimental diets. For 6 weeks, they were fed to 
satiation 4 times daily in the first 2 weeks, and 3 times daily 
in the following 4 weeks. The handling and sampling proce-
dures for the fish were the same as described in the previ-
ous paper.1) 
After the feeding trial, the remaining fish were fed their 
experimental diets for 2 additional days. At 6 h after the 
final feeding, blood was sampled from 3 fish in each tank, 
The blood was withdrawn from the caudal vein-artery com-
plex with a heparinized syringe fitted with a 23G needle. 
Part of the blood was immediately used for determining 
hematocrit value (Ht), and the remaining blood was cen-
trifuged at 3,000 rpm for 10 min to obtain a plasma sam-
ple. Equal volumes of the 3 plasma samples from each 
tank were pooled to one and were stored at - 80'C for ana-
lyses of hemochemical constituents and enzyme activities. 
For 2 weeks after the blood sampling, feces were collect-
ed every 3 days directly from the fish by pressing the abdo-
men at 6 to 8 h after the morning satiation feeding. Feces 
f m each tank were pooled and stored at -20'C until 
analysis for determining apparent digestibility of 
nutrients . 
A nalytica/ Meth ods 
The proximate analyses of the diets, the whole bodies, 
and the feces, the amino acid analysis of the dietary pro-
tein sources, and the calculations of growth and feed per-
formance parameters were carried out as detailed in 
Yamamoto et a/. l) 
The hemochemical constituents and enzyme activities 
were analyzed by an automatic biochemical analyzer 
Spotchem 4410 (Kyot  Daiichi Kagaku Co., Ltd. , Japan), 
u ing clinical investigation kits . The constituents and activ-
ities examined were as follows: total protein (TP), triglycer-
ide (TG), total cholest rol (T-Cho), glucose (Glu), calcium 
(Ca), aspar ate aminotransferase (GOT, EC 2.6.1.1), 
alka ine phosphatase (ALP, EC 3.1.3.1), and lactic 
dehydrogen se (LDH, EC 1.1 .1.27). 
The si nificance o  ifferences in treatment means for 
each paramet r as determined by a one-way analysis of 
varianc  (p <0.05), and a chi-square test was employed to 
determine the uniformity of the variances (p < 0.05) . After 
the e compariso s, Duncan's multiple range test was ap-
plied to determine significant differences between individ-
ual treatments at a significant level of p <0.05. 
Results 
Growth and Feed Performances 
The growth and feed performances of the carp are 
shown in Table 4. The fish fed diets with the 20 and 400/0 
MPF Ievels (diets 2 nd 3) showed good growth and feed 




Yamamoto et al. 
Growth and feed performance of fingerling carp fed the experimcntal diets*l 
Diet no. l 2 3 4 5 6 7 8 
Replacement (olo)*2 O(control) 20MPF 40MPF 60MPF 40MPF 60MPP + SBM + SBM 60MpF + EAA60EXMPF 
Pooled SEM 
Average body weight (g) 
Initial 
Final 
Average weight gain (g) 
Average food intake (g) 
Weight gain ('1o)*3 
Feed efi~ciency ('/o)*~ 
Daily feed consumption ("I･)*3 
Survival (alo) 
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*1 Avcrage value of duplicate tanks containing 20 individuals cach reared for 6 weeks at 26ec. 
*z See the footnote of Table l. 
$; Calculated as detailed in the previous paper.i) 
*4 Values with the same superscripts in the same raw are not significantly different (p> 0.05). 
Table 5. Whole body compQsition of fingerling carp fed the experlmental diets*l 
Diet no. 1 2 3 4 5 6 7 8 




Crude protein (N X 6.25) 
Crude fat ("/.) 
Crude ash (~/.) 
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*1 Average value of two pooled samples (3 fish/sample) from duplicate tanks containing 20 fish each reared for 6 weeks at 26'C. 
'2 See the footnote of Table 4. 
of the fish fed the control diet (diet l). Although no sig-
nificant difference (p>0.05) was detected between weight 
gains of the fish fed the control diet and a 'diet with the 
600/0 MPF Ievel without supplemental EAA (diet 4), the 
feed efficiency of the fish fed diet 4 was significantly 
reduced (p<0.05). The fish fed diets containing both 
MPF and SBM (diets 5 and 6) exhibited significantly 
higher weight gains (p<0.05) than, and the same feed 
efficiencies as, those of the control group. Supplementa-
tion of crystalline EAA to a diet with the 600/0 MPF Ievel 
(diet 7) improved both weight gain and feed efficiency as 
compared with the fish fed the unsupplemented diet 4, and 
the values of these parameters were comparable to the lev-
els attained by the control group. Inclusion of EXMPF 
(diet 8) improved neither weight gain nor feed efficiency as 
compared with the 600/0 untreated MPF Ievel diet (diet 4). 
The daily feed consumption rate showed a slightly increas-
ing trend as the replacement level by the alternative 
sources increased. 
Whole Body Composition 
The whole body proximate compositions of the initial 
and final fish are shown in Table 5. The moisture levels of 
the final fish were lower and the fat levels higher as com-
pared with those of the initial fish. Dietary treatment did 
not significantly affect the crude protein content of the 
fish. Crude fat content showed a slightly increasing trend 
as the replacement level by the alternative sources in-
creas d, while ash content exhibited a slightly decreasing 
tren . How ver, the ash con ents of the fish fed diets con-
taining both MPF and SBM were comparable to the level 
of the control group. The gross energy content of the fish 
in relation to treatment was similar to what was observed 
in the crude fat content. 
Apparent Digestibility of Dietary Protein and Energy 
The apparent digestibilities of dietary protein and 
energy are shown in Table 6. The digestibilities of both pro-
te en rgy in diets with the 20 to 600/･ MPF Ievels 
were slightly lower han those of the control diet, however, 
the digestibilities of diets containing MPF in combination 
with SBM were equivalent to, or slightly higher than, 
those of the control diet. The digestibilities of protein and 
energy in a t w th supplemental EAA showed no im-
provement as compared with those of the unsupplemented 
diet 4, ut the dig stib lities of a diet containing EXMPF 
were higher than those of diet 4, and were comparable to 
the levels found for the control diet. 
Retention of Protein and Energy 
The di tary protein and energy retention values are 
shown in Table 7 . No ignificant differences were observed 
in prote n and energy retentions among treatments, except 
the fish fed diets with the 600/0 MPF Ievel and the EXMPF . 
Supplementation of EAA to the diet with the 600/0 MPF 
l vel improved the protein and energy retentions to the lev-
78 
Table 6. 
Use of MPF in Carp Diets 
Apparent digestibility of protein and energy by fingerling carp fed the experimental diets ('/･)*l 
787 
Diet no. 1 2 3 4 s 6 7 8 
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2 . 45 
2.70 
'l Average vaiue of two pooled samples collected from duplicate tanks by pressing the abdomen of the fish. 
*2 See the footnote of Table 4. 
Table 7. Retention of protein and energy in fingerling carp fed the experimental diets ('/･)*l 
Diet no. l 2 3 4 5 6 7 8 
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Average value of duplicate tanks containing 20 individuals each reared for 6 weeks at 26'C. 
See the footnote of Table 4. 
Calculated as detailed in the previous paper.1) 
Tuble 8. Hematological characteristics of fingerling carp fed the experimental diets*l 
Diet no. 1 2 3 4 5 6 7 8 
Replacement (o/o)*2 O(control) 20MPF 40MPF 60MPF 40MpF +SBM 60MPF + SBM 60MPF + EAA 60EXMPF 
Pooled SEM 
Hematcrit ('/･) 
Total protein (g/ dl) 
Triglyceride (mg/d!) 
Total choresterol (mg/ dl) 
Glucose (mgldl) 
Calcium (mgld!) 



















































































265 . 3 
' I Average value of two pooled samples (3 fish/ sample) of duplicate tanks taken at 6 h after feeding each dlet at 26'C . 
ual treatments were not detected except for total cholesterol values. 
*! See the footnote of Table 4. 
Significant diffierences ( p < 0.05) between individ-
els attained by the control group, but the retention by the 
fish fed the EXMPF diet did not improved significantly as 
compared with those by the fish fed the 600/0 untreated 
MPF Ievel diet. 
Hematological Characteristics 
The results of hematological assessments of fingerling 
carp are shown in Table 8 . Dietary treatment did not sig-
nificantly affect Ht. TP, TG, Glu, Ca, GOT, ALP, and 
LDH values. The T-Cho content of the control group was 
higher than those of the other groups and these differences 
were significant for all test groups, except the 20 and 400/-
MPF Ievel diet groups. 
Discussion 
In this study, MPF proved to be a promising alternative 
protein source for fish meal in fingerling carp diets, and to 
be able to substitute 40'/･ of WFM protein in the control 
fish meal diet. This level was the same as that reported for 
fingerling rainbow trout.1) However, when present as 600/0 
replacement of fish meal protein. MPF reduced the rearing 
perfo mance of carp, as was observed in rainbow trout.1) 
Replacem nt of fish meal by a sole alternative protein 
source reduces the substitution limit mainly because of the 
inferior EAA balance, poorer nutrient digestibility, 
presence of antinutritional factors, or non-nutritive com-
ponents of the alternat ve source. Therefore, researchers 
have be n seeking appropriate methods to increase the 
replacement level of dietary fish meal. Their major ap= 
proaches may be summarized as follows: (1) supplementa-
ti n of crystalline EAA, i,8-14) (2) combining multiple alter-
native protein sources,2 ,14-17) and (3) chemical or physical 
treatment of the alternative source itself.12,18-20) Among 
these approaches, (1) and (2) are expected to improve dieta-
ry EAA balance, while (3) is expected to increase the 
availability of nutrients or to reduce non-nutritive and I or 
antinutritio al components . In this study, we also exam-
ined these three approaches for fingerling carp diets con-
taining MPF. 
Suppl mentation of crystalline EAVL to the fingerling 
earp diet with the 600/0 replacement MPF Ievel (diet 7) im-
79 
788 
proved weight gain and feed efficiency of the fish, in com-
parison with the same replacement level diet without EAA 
(diet 4), to the levels comparable to those found for the 
fish fed the control diet (diet 1). The improvement must 
have been caused by an improved dietary EAA balance, 
judging from the increased protein retention, as was ob-
served in rainbow trout,n In this study, however, no in-
crease in protein digestibility of the MPF- diet supplement-
ed with EAA was detected, unlike the rainbow trout 
diets , l) Effects of supplemental crystalline EAA to carp diets 
containing alternative protein sources were also examined 
by Murai et a/,ro,11) and Pongmaneerat et a/,;4).They ob-
served improvements in weight gain, feed efficiency, and 
protein retention of the fish fed diets supplemented with 
EAA (at 7510,ll) and 1000/014) replacement levels, respec-
tively), although these values did not reach the levels at-
tained by the fish fed control fish meal diets. W-e also ob-
served such an insufficient efficacy of supplementing EAA 
to rainbow trout diets containing MPF at 80 or 1000/0 
replacement levels.1) Thus, supplementation of crystalline 
EAA to diets containing high levels of alternative protein 
sources may not be always practical. 
Combined use of two or more alternative sources is 
thought to be a more practical and economical approach 
to improving dietary EAA balance than supplementing 
crystalline EAA, and has been confirmed in several fish spe-
cies.2~,14-17) Pongmaneerat et a/, 14) could replaced 560/0 of 
fish meal in a carp diet with a combination ot~ SBM and 
corn gluten meal. We have examined the effectiveness of 
use of MPF in combination with other alternative sources, 
such as SBM, in rainbow trout2,3) and Japanese fiounder4) 
diets. In both species, fish fed diets containing both MPF 
and SBM showed improved rearing performances as com-
pared with replacement by MPF alone,2,4) and the opti-
mum crude protein ratio of MPF to SBM was estimated to 
be I :1.2) However, the performances of thd fish fed diets 
containing both MPF and SBM did not exceed those at-
tained by the fish fed control fish meal diets. On the other 
hand, in this study, the carp fingerlings fed the diets with 
MPF and SBM combined at the 40 and 600/0 replacement 
levels exhibited significantly superior weight ~ains to that 
of the fish fed the control diet. It seems that the higher pro-
tein digestibility, improved EAA balance, and higher feed 
consumption of the diets containing both MPF and SBM 
resulted in elevated feed efficiency and protein retention, 
and corisequential superior weight gains. The higher pro-
tein digestibility of the MPF-SBM diets would indicate 
that the digestibility of the SBM protein is higher than that 
of the WFM protein as well as of the MPF protein . The die-
tary protein digestibility values obtained in this study, 
however, seemed lower than those of the other studiesl4,21) 
maybe due to the sampling method of this study. Diges-
tibility measurement by individual protein sources using 
tanks designed for collecting feces is now under way. 
In this study, we also examined the efflect of extrusion 
processing on the nutritional value of MPF. The fish fed 
the diet containing EXMPF at the 600/0 replacement level 
(diet 8) did not show marked improvement in rearing per-
formance, except in digestibility of nutrients . We cannot, 
therefore, recommend the use of EXMPF at the 600/0 
replacement level in fingerling carp diets. Although extru-
sion processing of fish diets is reported to enhance starch 
Yamamoto et al. 
dig stibili y,19) the carbohydrate digestibility of MPF by 
carp would no be improved by this process because they 
re composed mainly f fiber, such as hemicellulose and 
cellulose.l] Thus, the improvement in energy digestibility 
of the EXMPF diet can be attributed to the improvement 
in protei  digestibility, as was reported for SBM.20) 
However, it is still u known why the elevated protein diges-
tibility of th  EXMPF diet was not reflected in growth and 
feed efficiency. Further examination of the effect of extru-
sion processing n the utilization of protein in MPF and 
SBM is also under way. 
Pr viously, we noted that the consumption of diets con-
taining MPF by rainbow trout,1) Japanese flounder,4) and 
r sea breams) showed more or less decreasing trends as 
the MPF I vel in the diets increased. Recently, we suggest-
ed tha the relative volume of the flounder diets affects 
feed consumption.4) However, the fingerling carp in the 
present study showed an increasing trend in feed consump-
tion as the dietary MPF Ievel increased. Although the im-
mediate cause of the incr ase in feed consumption could 
not be cl rified in this study, it may be related to the feed-
ing behavior of carp. Carp is a stomachless fish which 
feeds continuou ly during the dayiime, unlike the fish we 
had examined previously. 
The to al plasma cholesterol levels of the carp fed the 
diets containing MPF, or both MPF and SBM, were lower 
than those of the fish fed the control diet. Factors reported 
to influe ce plasma cholesterol level of fish include dietary 
lipid origin22,23) and level,24) and fish size.2s,26) In the present 
study, how ver, the plasma cholesterol levels of the fish 
fed the MPF-SBM diets, which showed the best growth, 
were signific ntly lower than that of the fish fed the con-
trol diet. Thus, the plasma cholesterol level in this study 
cou d be relate o the dietary lipid source (animal or 
plant). Shimeno e  al. ,6) using diets with equal supplemen-
tation pollock liver oil, also observed a decreasing trend 
in the serum cholesterol of yellowtail as dietary MPF Ievel 
increased. Therefore, i  may be necessary to examine how 
dietary 18:2n-6 affects plasma cholesterol level, as suggest-
ed by Shimma et a!.27) 
In this study, we demonstrated that MPF could sub-
stitute 400/0 of WFM protein, and 600/0 Of WFM ptotein 
with supplemental crystalline EAA, in fingerling carp diets 
without any adverse effects on weight gain, feed efficiency, 
and protein retentio . Moreover, the fish fed the MPF-
SBM combination di t at the 600/0 replacement level 
showed a significantly higher weight gain than that of the 
control group. Therefore, we conclude that the use of 
MPF in combination with SBM can more effectively sub-
stitute fish meal n fingerling carp diets than can either 
MPF alone o  MPF with supplemental EAA. 
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The Effect of Combined Use 
in Fingerling 
of Several Alternative 
Rainbow Trout Dietst 
Protein Sources 
Takeshi YamamotO, Tatsuya Unuma, and ToShio Akiyama 
Nutrition Section, Inland Station, National Research Institute of Aquaculture, 
Tamaki, Mie 519-04, Japan 
(Received February 6, 1995) 
A feeding experiment was conducted to investigate the effect of combined use of several alternative 
protein sources for fish meal in diets for fingerling rainbow trout Oncorhynchus mykiss. In the con-
trol diet, brown fish meal (BFM) vyas used as the sole protein source to provide 400/0 crude protein. In the 
test diets, 60 or 800/0 of the BFM ~rotein in the control diet was isonitrogenously replaced by several 
combinations of soybean meal (SBM), meat. meal (MM), malt protein flour (MPF), corn gluten meal 
(CGM), and dried brewer's yeast (PBY). These diets were fed to the fish with an initial mean weight of 
9.4 g for 6 weeks at 16'C. 
Combinations of SBM and MPF, SBM and CGM, and MM and MPF at the 600/0 replacement level 
improved the weight gain, feed efficiency, and protein retention of the fish relative to the replacement of 
BFM by SBM or MM alone, and there w. ere no significant differences in these values between the combi-
nation group and the control group . Combined use of SBM, MM and MPF at the 600/0 replacement lev-
el showed similar growih and feed pei~formances to the above mentioned SBM and MPF, or MM and 
MPF diets, however, the performances at the 800/0 replacement level were inferior. Addition of DBY to 
the 800/0 replacement level diet improved the weight gain to the same level attained by the control 
group. 
These results suggest that the combined use of two alternative sources such as SBM and MPF, 
SBM and CGM, and MM and MPF improve rearing performance of fingerling rainbow trout as com-
pared with the use of SBM or MM alone, and that the combined use of SBM, MM, MPF, and DBY at a 
proper ratio can substitute the 800/0 of BFM protein. 
Key words: diet, alternative proteih source, growih, malt protein flour, brewer's yeast, brown 
fish meal, rairrbow trout 
In the previous studies on the utilization' of malt protein 
fiour (MPF) in the diets for fingerling rainbow trout On-
corhynchus mykiss, we reported that (1) MPF could sub-
stitute 400/0 of white fish meal (WFM) protein, in the con-
trol fish meal diet,1) (2) MPF could substitute 600/0 of the 
WFM protein with the supplementation of crystalline es-
sential amino acids (EAA) to simulate the EAA composi-
tion of the control diet,1) (3) combined use of MPF and 
defatted soybean meai (SBM) at the crude protein ratio of 
1 : I improved growth and feed performances relative to the 
replacement by either MPF or SBM alone.2~ 
Combined uses of SBM and corn gluten meal (CGM), 
or SBM, CGM and meat meal (MM) have been studied in 
diets for rainbow trout,3~s) carp Cyprinus carpi0,6) red sea 
bream Pagrus major,*i and yellowtail Seriola quinquer-
adiata,7~9),*2 and the authors attributed the effectiveness to 
the improvement of dietary EI~ balance. 
Based on the EAA composition of several alternative 
protein sources such as SBM. M_M. MPF, an,~ CQM;, we 
classified these sources into two group~. Of*tn~ alternative 
protein sources, SBM and MM are poor in ~lethionine and 
are comparatively rich in lysine. On the oth~r hand-, MPF 
and CGM are rich in sulfur-containing amino acids such 
as methionine and cystine but are poor in lysine. There-
fore, combined use of both groups in diets is expected to 
improve growth and protein utilization. by improving the 
EA~ balance. However, as the lysine contents of SBM 
and MM are lower than that of fish meal, it is necessary to 
supply lysine from other sources to a diet containing these 
alternative protein sources at a high level. Dried brewer's 
yeast (DBY) and blood meal are rich in lysine and may be 
effective in ducing such a lysine deficiency. 
The first purpose of the present study was to assess the 
effectiveness of SBM in combination with MPF or CGM, 
and of MM with MPF or CGM, at 600/0 replacement level 
of BFM protein in th  control diet. The second purpose 
was to further replace the BFM protein by a combination 
of SBM, MM and MPF, and to assess the effectiveness of 
supplemental DBY as a lysine source. 
aterials and Methods 
Amin  Acid Composition of Protein Sources 
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Anrino acid composition and proximate analysis of dietary protein sources 
Protein sources 
BFM * l MPF*i CGM~1 SBM* l MM*l DBY*l RT egg*2 
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EEA index*4 89.3 82.4 65.7 81.7 74.9 83.9 
Proximate analysis ('1o) 
Moisture 
Crude protein (N X 6.25) 
Crude fat 
Crude starch*5 
Gross energy (kcal/ 100 g) 
4.7 



























23 . 7 
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*1 BFM: brawn fish meal, MPF: malt protein fiour, CGM: co~n gluten meal. SBM: soybean meal, MM: 
*2 Essential amino acid composition of rainbow trout egg.lo) 
*1 Not detected. 
*4 Essential amino acid index based on the essential antino acid composition of rainbow trout egg. 
~5 Carbohydrate hydrolyzed by boiling 50/0 HCI for 2 h. 
meat meal, DBY: dried brewer's yeast. 
tein sources used in this study are shown in Table I . The 
amino acid content was determined by the methods de-
scribed in the previous paper.1) The EAA index of each 
source was calculated based on the E~~ composition of 
rainbow trout egg.rc) Of the alternative sources, SBM and 
MM are lower in methionine, Ieucine, and phenylalanine, 
but are comparatively higher in lysine than are MPF and 
CGM. On the other hand, MPF and CGM have similar ra-
tios of total sulfur-containing amino acids to that of BFM, 
and are higher in leucine and phenylalanine, but are lower 
in lysine as compared with SBM and MM. DBY has a simi-
lar EAA composition as SBM and MM, while the lysine 
content of DBY is higher than that of SBM and MM, and 
is equivalent to that of BFM. 
Experimental Diets 
The crude protein ratios of the protein sources incorpo-
rated in each diet and the EAA compositions of the ex-
perimental diets are shown in Table 2. Based on the EA~ 
composition of each protein source, the combining ratios 
of the protein sources were determined for each diet to 
have higher EAA index. BFM was used as the sole protein 
source in the control diet (diet 1) to provide approximately 
400/0 crude protein. Diets 2 to 4 were prepared to assess the 
effect of the combined use of SBM and MPF, or SBM and 
CGM. In diet 2, 600/0 of BFM protein in the control diet 
was isonitrogenously replaced by SBM alone, and in diets 
3 and 4, about 400/0 of SBM protein in diet 2 was 
isonitrogen usly replaced by MPF and CGM, respec-
tively. In diets 5 to 7, MM was used in place of SBM in 
diets 2 to 4 to assess the effect of combined use of MM and 
MPF, or MM and CGM. In diets 8 and 9, BFM protein in 
the control diet was replaced by a combination of SBM, 
MM a d MPF a  60 nd 800/0 Ievels, respectively. In diet 
lO, DBY was supplemented in addition to SBM, MM and 
MPF at the 800/0 replace ent level. 
The formulation and proximate analysis of the ex-
perimental diets are presented in Table 3 . Fat content in 
each diet was adjusted with pollock viscera oil to provide 
approximately 150/0 crude fat. Gelatinized potato starch 
was supplemented to adjust non-fiber carbohydrate con-
tent. Chromi m oxide was included as an indicator for the 
analysis of apparent dig stibility of nutrients . All these in-
gredi nts wer  thoroughly mixed, moistened and pelleted 
in a California pellet mill. Then the pellets were dried at 
50'C for 6 h and stored at 5'C until being fed to the fish. 
Fish and Feeding Procedures 
Fingerlings of rainbow rout were transferred from Shi-




Combination of Alternative Sources in Trout Diets 
Combinations and crudc protein ratios of each protein source, and essential amino acid compositions of the experimental 
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Replacement (o/o)tt o 60 60 60 60 60 60 60 80 80 
Combination~2,3 Control SBM SBM MPF SBM C GM MM MM MPF MM CGM SBM MM MPF 
SBM MM MPF 
SBM MM MPF DBY 
Diet no. l 2 3 4 s 6 7 8 9 10 
Crude protein ratio (o/o) 
Brown fish meal 
Soybean meal 
Meat meal 
Malt protein flour 
Corn gluten meal 
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3 . 47 
9. 1 8 
4, 17 






















5 . 40 
2.21 
































5 . 90 











Percentage of brown fish meal protein replaced by alternative protein sources. 
Combination pattern of alternative protein sources. 
See the footnote in Table I for abbreviations. 
Calculated value based on the analyzed amino acid composition of the protein sources (Tabie 1). 
Essential amino acid index of each diet based on the essential amino acid composition of rainbow trout egg.10] 
Table 3, Formulation and proximate analysis of the experimental diets 
Replacement (o/o)~1 o 60 60 60 60 60 60 60 80 80 
Combination*2 Control SBM SBM MPF SBM CGM MM MM MPF MM CGM 
SBM MM MPF 
SBM MM MPF 
SBM MM MPF DBY 
Diet no. l 2 3 4 5 6 7 8 9 lO 
Ingredient ('/o wet weight) 
Brown fish meal 
Soybean meal 
Meat meal 
Malt protein flour 
Corn gluten meal 
Dried brewer's yeast 
Pollock viscera oil 














































































































Analysis (o/o dry weight) 
Crude protein (N X 6.25) 
Crude fat 
Crude starch*s 









































~],2 See the footnote of Table 2. 
*1 See the previous paper.1) 
~4 Sodium carboxymethylcellulose. 
*5 See thc footnote of Table l. 
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Station of National Research Institute of Aquaculture. 
The fish were fed commercial trout feeds and reared until 
they reached about 8 g. Then, 30 fish were stocked in a 
polyvinyl chloride tank (50 x 20 x 30 cm, holding 20 ! of 
water) with duplication for each dietary treatment, and 
well water (16 ~0. I 'C) was supplied at a rate of I .5 ~/min. 
The fish were fed a commercial trout feed and were accli-
mated to the experimental conditions for another 2 weeks 
prior to the feeding trial. Just before the feeding trial, 10 
fish were randomly sacrificed and stored at -20"C for a 
proximate analysis of the whole body. In the feeding trial, 
the experimental diets were fed to the fish wit~ an initial 
mean weight of 9.4 g until satiation by hand twice per day, 
6 days per week for 6 weeks. The fish were weighed every 
2 weeks after being anesthetized with 0.010/0 ethyl 3-
aminobenzoate methanesulfonic acid. At the end of the 
feeding trial, 4 fish were randomly sampled from each 
tank and stored at -20'C for the proximate analysis. 
After the 6-week feeding, fish of each tank were trans-
ferred to a round tank designed for feces collection, and 
feces were collected for the analysis of apparent digestibili-
ty of nutrients.1) 
Yamamoto 
Analytica! Methods 
The chemical analysis of the test diet, the whole bodies, 
and the feces, and the calculations of the parameters on 
growth and feed performances were carried out by the 
et a!. 
method described in the previous paper.i) The parameters 
of he duplicat s for each dietary treatment were com-
pared using one-way layout analysis of variance for a 
significance in the treatments (p<0.05), and chi-square 
test for a unifor ity of the variances (p<0.05), respec-
t vely. After these comparisons, Duncan's multiple range 
test was applied to determine significant differences be-
twee  individual treatments at a significance level of 
p < 0.05 . How ver, s atistical analyses of apparent digestibili-
ties of di tary protein and energy were not carried out be-
cause feces wer  collected as a single sample pooled from 
duplicate tanks for each dietary treatment. 
Results
T ble 4 shows the resul s, including the growth and feed 
performances, whole body composition, and apparent 
digestibility of utrients. 
Use o  SBM in Combin tion with MPF or CGM 
The weight gain, feed ef iciency, and protein retention 
of the fish fed a diet replaced by SBM alone (diet 2) were 
significantly lower (p<0.05) than those of the control 
group (diet 1). However, fish fed diets containing SBM in 
comb nation ith MPF or CGM (diets 3 and 4) exhibited 
good grow  and feed performances without significant 
differences (p>0.05) from the control group. Apparent 
Table 4. Performances of fingerling rainbow trout fed diets eontaining several alternative protein sources 
Replacement (olo)*l o 60 60 60 60 60 60 60 80 80 
Combination*2 SBM SBM Control SBM PF CGM s BM s BM MM M MM MM MM MPF caMMPF MPF SBM MM M:P F DBY
Diet no. 1 2 3 4 5 6 7 8 9 10 
Growth and feed performances*3 
Average body weight (g) 
Initial 
Final 
Average weight gain (g) 
Average feed intake (g) 
Weight gain (o/o)*4 
Feed effeciency ('10)*4 
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25 . 15 
23 . 60 
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Whole body composition (o/.)*5 
(Initial) 
Moisture (77.2) 
Crude protein (1 5.7) 
Crude fat (4.2) 
7 1 .6a 70.0a 7 1 . Ia 70.9a 15.7a 15.3a 15.5a 15.6a l0.4a lO.5a 9.8a I I .7a 
7 1 .3a 70. 8a 70.7a 7 1 .3a 70,9a15,3a 15.3a 15,7a 15,4a 15,la 1 0.6a 1 1 . I a I O. 9a l0.4a l0.6a 
69 8a 
15.6a 







90.8 91 .3 88.4 91 .4 




38 . 9ab 3 9 .4bc 4 1 .4c 41 .5= 
43.6b'd 42.2ab 45.8d 44.Scd 
38.3ab 39.4bc 39.9bc 36,7a 40,5bc 
44.7':d 42 , oab 44. 3b*d 43 , 3bc 40 . 6a 
3 8 .4ab 
44. I bcd 
O.?O 
0.68 
$1,: See the footnote of Table 2. 
*1 Average value of duplicate tanks containing 30 fish cach reared for 6 wecks at 16'C. 
*4 Calculations of these pararrleters are detailed iu the previous paper.l] 
~i Average value of two pooled 5amples (4 fish/sarnplc) from duplicate tanks. 
*6 Values of pooled sample from duplicate tanks for collecting feces at 16'C. 
*? Values with different superscripts in the samc row are significantly different (p<0.05). 
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digestibilities of protein and energy did not vary between 
the control diet and the test diets. No significant differ-
ences were detected in the whole body components. 
Use of MM in Combination with MPF or CGM 
The weight gain, feed efficiency, and protein retention 
of the fish fed a diet replaced by MM alone (diet 5) were sig-
nificantly lower than those of the control gr_oup, as ob-
served in the case of SBM. Use of MM in combination 
with MPF (diet 6) improved these values , while the combi-
nation of MM and CGM (diet 7) failed to improve the 
weight gain, partly because of the lower daily feed con-
sumption. Apparent digestibilities of protein and energy in 
the diets containing MM were slightly lower t,hari those of 
the control diet and the diets containing SBM. The whole 
body composition did not vary significantly atnong the 
treatments. 
Replacement by SBM. MM, and MPF, and Supplementa-
tion ofDBY 
Although a diet with SBM, MM and MPF (diet 8) replac-
ing 600/0 of the BFM protein in the control diet showed a 
significantly lower weight gain than the control diet, the 
value was equivalent to that of the fish fed the diet with 
SBM and MPF (diet 3), or MM and MPF (diet 6). When 
800/0 of the BFM protein was replaced by these three sources, 
the weight gain, feed efficiency, and protein retention 
decreased further . Supplementation of DBY to the 800/0 
replacement level diet (diet 10) slightly increased the daily 
feed consumption and improved the weight gain and reten-
tions of protein and energy. As a consequence, the weight 
gain was not significantly diff-~rent from that of the control 
group . Apparent digestibilities of protein and energy grad-
ually decreased as the replacement level increased. No sig-
nificant differences were detected in the whole body compo-
sition. 
Discussion 
Crystalline amino acids are sometimes supplemented to 
fish diets to improve the nutritional value Of=dietary pro-
tein which do not have a desirable amino acid composi-
tion. However, as we reported in the previous paper, the 
supplementation of crystalline EAA to the fingerling rain-
bow trout diets containing MPF did not have outstanding 
effects.1) On the other hand, in the last paper, we reported 
that combining MPF and SBM at a proper ratio in finger-
ling rainbow trout diets improved the dietary EAA 
balance and rearing performance.2) 
Combining several alternative protein sources to im-
prove dietary Ej~ balance is considered to be more 
practical and economical than the supplementation of crys-
talline EAA. Several studies have demonstrated the efilec-
tiveness of using SBM in combination with CGM and/or 
MM in the diets for rainbow trout,3~5) carp,s) red sea 
bream,~1 and yellowtail.7-9),*2 
In the present study, we first examined several combina-
tions of two alternative protein sources having different 
EAA profiles at 600/0 replacement level, and. found that 
combinations of SBM and MPF, SBM and CGM, and MM and MPF effectively improved the growth ahd protein 
utilization, as compared with the replacement of BFM by 
919
SBM or MM alone. Th  combination of MM and CGM 
was not so effective, probably because of the low feed con-
sumption and of he poor EAA balances of MM and CGM 
relativ_e to SBM and MPF, respectively (Table 1). The rea-
son for the decreased consumption of the diet was not 
clarified in the p s  study. As the apparent digestibili-
ties of prote n in th  diets containing MM were slightly low-
er than he diets containing SBM, apparent digestibility of 
the MM protein per se must have been lower than that of 
the SBM prote n per se. This finding would also explain 
the inferior petformances of the fish fed diets containing 
MM relative to thos  of the fish fed the SBM diets. 
In the diets of 800/0 replacement level, incorporation of 
DBY to the combinati n of SBM, MM, and MPF im-
proved the weight gain to the level attained by the control 
group. As the re sons for the improvement, the increased 
feed consumption and the improved protein retention 
would be considered. Although the immediate cause of the 
increased consumption of the DBY diet was unclear from 
the results obtained, the increase might be due to a reac-
tion of the fish to compensate for the low digestibility of 
dietary protein, or to some feeding stimulants in DBY.In 
The improvement of protein retention was caused by the 
imprdvement of EAA balance in the diet. The first limiting 
am'ino acid in the alternative protein sources used in the 
present experiment was either methionine or lysine,2) there-
fore, supplying a lysi e-rich source such as DBY to a diet 
containing alternative protein sources at a high level 
proved to be one of the practical ways to improve rearing 
perf ormance. 
The first limiting EI~ in MPF for rainbow trout is ly-
si e.1,2) T erefore, the bioavailability of supplemented ly-
sine might have b en most important for the improvement 
of utilization of amino acids in the diets containing MPF. 
As mentioned, crystalline EAA supplemented to the diets 
containing MPF has been found to be ineffective in improv-
ing the rearing performance of rainbow trout.i) Our 
studies have shown that addition of lysine-rich protein 
sources such as SBM and DBY to diets containing MPF is 
m r  practical tha  supplementation of crystalline E~~, 
composed mainly of l sine. On the other hand, there are 
several rep rts of successful supplementation of crystal-
line EAA, including methionine, to rainbow trout diets 
containing SBM, 12,13) whose first limiting E~~ for rainbow 
trout is methionine. Therefore, the bioavailabilities of crys-
talline and rotein-origin lysine and methionine by rain-
bow trout seem to be somewhat different. Further studies 
are necessary to clarify this point. 
The results obtained in the present study suggest that the 
combined use of two alternative protein sources having 
different EAA profiles such as SBM and MPF, SBM and 
CGM, and MM nd MPF in fingerling rainbow trout diets 
impr-ove fish performance relative to the use of SBM or 
MM alone. It is also suggested that the supplemental DBY 
to a diet ontaining SBM, MM, and MPF can substitute 
800/0 of BFM protein. 
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Apparent Availabilities of 
from Several Protein Sources 
Am no Acids and Minerals 
for Finge ling Rainbow Trout 
Takeshi Ya~namoto*1, Kazuo lkeda*2, Tatsuya Unuma*1 
and Toshio Akiyama*i 
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Tamaki. Mie 519-04. Japan 
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Nansei. Mie 516-01, Japan 
(Received March 17, 1997) 
Apparent availabilities of amino acids and minerals from white fish meal (FM), defatted soybean 
meal (SBM) , malt protein flour (MPF) , and corn gluten meal (CGM) were determined for fingerling 
rainbow trout Oncorhynchus mykiss. Groups of forty fish (mean weight; 13 g) were each allotted to one 
of six round tanks for collecting feces. A test diet containing one of the protein sources at approximate-
ly 350/0 crude protein level was fed to duplicate groups at 15'C, and the feces were collected. Availabil-
ity was determined by an indirect method using chromic oxide. 
Apparent protein digestibility of CGM was the highest (96010), with FM and SBM being slightly 
lower (940/0), and the lowest was MPF (860/･). Apparent availabilities of individual amino acids within 
each protein source were similar and almost approximated to the protein digestibility value. Apparent 
availabilities of phosphorus from FM and MPF per se were higher than those from SBM and CGM. 
The copper and zinc availabilities for SBM showed the highest values. 
These results suggest that the apparent protein digestibility value is indicative of the amino acid 
availability from a protein source with a high protein digestibility such as FM, SBM, and CGM in finger-
ling rainbow trout. On the contrary, individual mineral availability values should be assessed to formu-
late efiicient and economical fish feeds. 
Key words: availability, amino acid, mineral, alternative protein sources, Oncorhynchus mykiss 
We have reported in previous papers that the combina-
tion of multiple alternative protein sources for fish meal or 
the supplementation of crystalline essential amino acids to 
the protein sources improved the nutritional quality of fish 
diets . 1-5) In those studies, only the amino acid composition 
of the protein sources was focused on and little attention 
was paid to the availability of amino acids irr the protein 
sources. 
In contrast to numerous studies on protein digestibility 
of test diets or feed ingredients, amino acid availability 
(digestibility) for dietary proteins has been less intensively 
studied.6-13) Among them, studies on the comparative ami-
no acid availability for several feed ingredients are limited 
to channel catfish lctalurus punctatus,7) common carp 
Cyprinus carpi0,9) Atlantic salmon Salmo salar,lo,il) and 
yellowtail Seriola quinqueradiata. 13) These studies have rev-
ealed that not only protein digestibilities vary among pro-
tein sources and fish species, but also amino acid availabili-
ties of a protein source show intravariation. This means 
that both protein digestibility and individual amino acid 
availabilities of a protein source for individual fish species 
should be determined to formulate efficient and economi-
cal fish feeds. 
Studies on the comparative mineral availability for feed 
ingredients are few compared with thos~ of amipo acid 
availability. Availability of phosphorus (P) iri :fish meals 
and some feed ingredients was examined in channel 
catfish,14) common carp,15,16) black sea bream Acan-
hopagrus chlegeli,15) and rainbow trout Oncorhynchus 
mykis .16) Satoh et al. 17) examined the availability of zinc 
(Zn) n different kinds of fish meal for rainbow trout. 
Since mineral availability studies are relatively limited to P 
and Zn in fish m al, further research is necessary on the 
ava labil ty of min rals from various protein sources. 
In this study, we determined the apparent digestibility 
of protein an  availabilities of amino acids and minerals 
for defatted soybe n meal (SBM), malt protein flour 
(MPF), and corn gluten meal (CGM) in comparison with 
those for white fish meal (FM) for fingerling rainbow 
trout . 
Materials and Methods 
Diets 
The composition of the experimental diets is shown in 
Table I . In the diet , ch protein source, FM (Nippon Sui-
san Kaisha Ltd., Jap n), SBM (Marubeni Shiryo Co., 
Ltd. , Japan). MPF (Kirin Brewery Co. , Ltd.. Japan), and 
CGM (Nippon Corn Starch Co.. Ltd., Japan) was formu-
lated as the sole protein source to provide a diet of approxi-
mate y 350/･ crude protein. Pollock visceral oil (Riken Vita-
min Co., Ltd., J pan) was added to adjust the crude fat 
levels of the diets to approximately 150/0. Chromic oxide 
was included as an inert reference substance to determine 
95 
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apparent digestibility (availability) of the nutrients. To de-
termine the availability of minerals from the protein 
sources per se and the effect of the exclusion of P from the 
complete mineral mix (COMP) on the other minerals' 
availabilities, diets without the mineral mix (MF) and with 
a P-free mineral mix (PF) were also ptepared. The compo-
sition of the mineral mixes is given in Table 2. Thus, 
twelve diets, combinations of the four protein sources 
(FM. SBM, MPF, and CGM) and three mineral mixes 
(MF, PF, and COMP) were prepared. All these in-
gredients were thoroughly mixed, moistened, and pelleted 
using a garlic press. The diets were freeze-dried and stored 
at -20'C until being fed to the fish. 
Yamamoto 
Fish and Feeding 
Fingerling rainbow trout (mean weight; 1.6g) were 
Table 1. Ingredients and proximate compositions ofthe experimen-
tal diets 
et a/_
Diet*i FM SBM CGM MPF 
Ingredient (o/o) 
White fish meal 
Defatted soybean meal 
Malt protein fiour 
Corn gluten meal 






Chromic oxide (50c/o)*4 
49 . 4 








Nutrient composition*s (o/o dry matter) 
Crude prctein (N x 6.25) 38.2 
















trans erred f om the Shiga Prefectural Samegai Trout 
Farm to the Inland Sta io of the National Research In-
stitute of Aquacultu e. The fish were reared with a com-
mercial trout feed at 15'C for three months. Then, forty 
fish of  similar size (13.2 ~0.6 g) were selected and allot-
ted to one of six round tanks for collecting feces. Each 
tank was equipped with a ediment trap tank fitted with an 
acrylic column (Fig. l), and was supplied with well water 
(15 'C). Feces we e transferred from the rearing tank to the 
sediment trap tank through a siphon and were finally 
deposited into the acrylic column. The lower part of the 
column was cooled with crushed ice to minimize decompo-
sit or* of nutrients in the feces. The feeding schedule is 
shown in Fig. 2. Each test diet was fed to the fish to satia-
tion twice a day. For the initial five days, the fish were accli-
ated to t e diets and f cal samples were not collected. 
Then, feces were collected immediately prior to the next 
satiation feeding over the ensuing five days, pooled, and 
freeze-dried. After one day's starvation, the fish were fed 
on another diet and acclimated again to the diet for five 
days prior to the fecal collection. After the trial for the 
2nd diet was completed, all the fish were removed and new 
groups of fish were allotted to the tanks. These procedures 
were repeated until two pooled fecal samples for each of 
twelve test diets were collected. 
water inflow I 
Rearing tank 
Faucet l Faucet 2 
Sediment trap tank 
5,0 
37 7 7.7 37.9 15.6 16.2 16.2 
*! FM: white fish meal diet, SBM; soybean meal diet, MPFi malt protein flour 
diet, CGM; corn gluten meal diet. 
*2 Akiyama et a!.3] 
*3 Compositions of the mlneral mixes used are given in Table 2. 
*4 Chromic oxide:cellulose= l:1. 
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3 ocm i 
Crushed lce 
Table 2, Compositions of the mineral mixes (mg/lOO g diet) 
Mineral mix*1 MF PF COMP 
Ca(H2P04)2 ' H20 
Ca(CH3 CHOHCOO)2 ' 5H20 
CaC03 
FeCG Hs 07 ' nH20 
MgS04 























Fig. 1. Experimental tank system. 
The fish were reared and fed an experimental diet in the rearing 
tank and continuously supplied with well water. Uneaten food was 
drained through the siphon (when faucet I was opened and faucet 2 
was ciosed). Feces were transferred from the bottom of the rearing 
tank through the siphon into the sediment trap tank, and finally 
dep05ited in the acrylic column (when faucet I was closed and faucet 
2 was opened). The lower part of the column was cooled with 
crushed ice. 
Transfler of fish ~ 
5(ia:ys Sdays lday 5days 
Removal Of fsh 
5days 
i 
Total 2,00(),o 2,000.0 2,000,0 
*1 MF; mineral free mix, PF; phosphorus free mineral mix, COMP; complete 
mineral mix. 
*1 AICl]･6H20; 0.32 mg, KI; 0.30 mg, CuCl; 0.20 mg, MnS04'SH20; 2.03 mg, 
CoCl; I .OI mg, ZnS04'7H20; 6.34 mg. 
Accu!nation to 
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A nalytical Meth ods 
The chemical analyses of the protein sources, the ex-
perimental diets, and the feces were carried out according 
to the methods described previously.1) Crude protein was 
calculated as 6.25 x nitrogen content determined by the 
Table 3. The proximate, amino acid, and mineral compositions of 
the protein sources
White Defatted Corn Malt Protein source fish soybean protein gluten meal meal fiour meal 
micro-Kjeldahl method. Chromic oxide was determined 
by the method of Furukawa and Tsukahara. 18) Amino acid 
composition was determined by an amino acid analyzer 
(Beckman 6300, USA) with a ninhydrin reagent and lithi-
um buffer system. l) All samples except for cystine and tryp-
tophan determinations were hydrolyzed in 6 N HCI for 22 
h at 1 10'C. Cystine content was determined as cysteic acid 
after performic acid oxidation of the sample followed by 
hydrolysis with 6 N HCI for 18 h.19) Samples for the deter-
mination of tryptophan were hydrolyzed in 3 N mercap-
toethanesulfonic acid for 22 h.20) Mineral composition was 
determined by an ICP emission spectrometer (Leeman 
Labs Inc., USA) after digestion of the sample with nitric 
acid and perchloric acid. Calcium (Ca), magnesium (Mg), 
P, iron (Fe), copper (Cu), manganese (Mn), and Zn were 
determined . Apparent availability (digestibility) values 
were calculated using the following equation: 
J Cr203 in diet (o/o) 
Availability (%)= 100 X 1 1 -Cr203 in feces ("/o) 
Nutrient in feces (olo) 
x utrient in diet (o/o) 
All the data for digestibility of protein and availabilities 
of amino acids and minerals among the four protein 
sources were compared using a one-way analysis of vari-
ance procedure, and the significance of differences among 
means from duplicate groups was assessed by Duncan's 
new multiple range test21] at a probability level of O_05. 
Results 
Proximate composition (o/･) 
Moisture 3.3 9.2 
Crude protein 69.9 44.5 
Crude fat ?.5 2.1 
Crude starch 1 .8 17.9 
Crude ash 13.5 6.3 
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58.6 





3 . 03 
l . 54 
3.88 
17 . 54 
1 . 72 
2 . 22 





















Amino Acid and Mineral Compositions of the Protein 
Sources 
The proximate, amino acid, and mineral compositions 
of the test protein sources are given in Table 3. Compared 
with the amino acid composition of FM, the lysine, methio-
nine, and threonine contents of the test plant protein 
sources were lower. Among the plant protein sources, argi-
nine and lysine in SBM and the sulfur-containing amino 
acids (methionine and cystine) in MPF and CGM were rela-
tively richer than the other protein source(s) . Although 
glutamine and asparagine in the samples were detected as 
giutamic acid and aspartic acid, respectively, the total 
amounts of these acidic amino acids in the plant protein 
sources were similar, and were higher than those of FM. In 
MPF and CGM, proline content was approximately dou-
ble that of FM and SBM. 
The Ca and P contents in FM were markedly higher 
than those of the plant protein sources. On the contrary, 
the Cu and Mn contents in SBM and MPF, and the Fe con-
tent in MPF, were markedly richer compared with those of 
FM. The Mg and Fe contents in FM and SBM were simi-
lar . Although the Zn content of FM was higher than SBM 
and MPF, the Zn contents in the SBM and MPF diets 
without the supplemental minerals were higher than that 
of the FM diet when each protein source was incorporated 
$ ot detected_ 
t the same crude protein level (Table 4). Most of the 
mineral contents in CGM were rather lower than those of 
the other sources. 
Digestibil ty f Protein and Availability ofAmino Acids 
from the Pr tein Sources 
Apparent protein digestibility and individual amino acid 
availabilitie  are given in Table 5 . The tryptophan 
availability valu  of CGM could not be determined due to 
the v ry low tryptophan content in the feces . The protein 
digestibility of CGM was the highest (96･/･) (p<0.05), 
slightly lower in FM and SBM (94o/･), and was the lowest 
in MPF (86･/･)･ Individual amino acid availabilities within 
each protein source were similar and almost approximated 
to the app ent protein digestibility value. However, the 
amino acid availabili y values of MPF showed greater in-
travariation compar d with the other proteins. Amino 
acid availabil ies of CGM showed the highest values 
among the four protein sources except for lysine and threo-
nine. Although the protein digestibility values of FM and 
SBM w re similar, most of amino acid availabilities of 
SBM were lower than those of FM . There was little differ-
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Amino acid and mineral compositions of the experimental diets (dry matter) 
Diet * l 
Mineral mix*2 
FM SBM MPF caM 
MF PF COMP MF PF COMP MF PF COMP MF PF COMP 
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3 . 53 
2. I l 
8.53 
0.97 
3 . 48 
2.08 
Mineral composition 














































































*1 See the footnote of Table l. 
*2 Scc the footnote of Tablc 2. 
*: Not determined. 
non-essential amino acid availabilities* 
A vailability of Minera!s from the Protein Sources 
Apparent availability of minerals from the protein 
sources is given in Table 6. Most of the availability values 
for Ca and some for other minerals gave riegative values 
and were omitted from the table or recorded as zero. 
When the fish were fed on the mineral mix free (MF) 
diets, the Mg availability was the highest (p< 0.05) in the 
FM diet, followed by the MPF and SBM diets. The P 
availability of the MF-FM and MF-MPF diets were equiva-
lent (37 and 360/0, respectively), but that of the MF-SBM 
diet was low (14010). The availabilities of Fe and Mn from 
each of the four MF diets were very low. In the MF-SBM 
diet, very high Cu and Zn availabilities (78 and 740/0, re-
spectively) were noted. 
Inclusion of the P-free mineral mix (PF) in the FM diet 
increased the availability of all minerals except P . On the 
contrary, only the Mg availabilities signifiCantly increased 
for the three PF plant protein source diets.' 
When the complete mineral mix (COMP) was added to 
the test diets, the availabilities of most mineirals in the 
COMP-FM diet were further improved compiar~d with the 
PF-FM diet. In the COMP plant protein diets, only P 
availabilities were significantly improved from the values 
attained for the PF diets. The COMP-MPF diet showed 
the highest P availability and an equivalent Mg availability 
to tho e for the COMP-FM diet. Availabilities of Cu, Mn, 
and Zn in the COMP plant protein diets were not im-
proved eve  from the values of the MF diets. The Zn 
availabilities of SBM and CGM tended to decrease by the 
inclusion of the m nerals. 
Discussi ns 
Prote n Digestibility and Amino Acid Availability 
The four protein sourc s examined in the present study 
were well digest d by f ngerling rainbow trout. The appar-
ent protein digestibility values of FM (94'10), SBM (94'/･), 
and CGM (960/*) re in agreement with the highest values 
among the previous reports in rainbow trout.22,23) Some of 
the values reported previously2~2s) are lower than those of 
the present study, and the difference may be due to the 
digestibility measuring methods, the quality of the in-
gredients t st d, and also the dietary compositions as dis-
cus ed by Anderson et al. Io,ll) As the digestibility 
c efficien s depend on the water temperature,29) one should 
carefully evaluate each set of data. The protein digestibili-
ty value for MPF (860/0) is similar to that for canola meal 
(83_8701･).8) 
The individual amino acid availability values within 
each df the four protein sources examined were similar and 
almost approximated the apparent protein digestibility 
value. This su gests that negative influences of the proc-
98 
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Table 5. Apparent protein digestibility and amino acid availability 
of the protein sources ('/･) for fingerling rainbow trout reared at 
15'C 
Diet*1 FM Pooled SBM MPF CG  SEM*: 
tion of the am no ac d availabilities . Anderson et a!, I l) com-
pared the effect of the two different methods for collecting 
feces on amino acid availability for several fish meals. 
They demonstrated that the apparent availability values by 
the sedimentation method were about 90/0 higher on 
Crude protein 94.2b*3 
Essential and semi-essential 




Lysine 97 . 6-
Methionine 97.1' 





















93 . 8b* 
95 . 2b 
95.7' 
94.0b 96.2' 0.35 8S.5a 






































97 . 2' 
97.7' 










97 . 6c 
95.3' 
97.3c 



















96.5' 94.5b 86.5a 96.9c 0.28 
95.5c 94,0b 85.7a 96.8c 0.35 
96.2' 94.3b 86.3a 96.8' 0.29 
l .50 1 . 1 8 3.21 0.95 
*1 See thc footnote of Table l. 
*2 Standard error of thc means. 
*; Values with the same superscript in the same row are not significantly different 
( p > 0.05). 
~4 Not determined. 
*s Standard deviation for total amino acid availability values for each protein 
source. 
average than for those by the manual stripping method. 
Although they did not discuss the cause(s) of the intravari-
ation of the availabilities between the two methods, the 
stripping method generally seems to give larger intravaria-
tion than the sedimentation method. 
The intravariation of amino acid availabilities for MPF 
in this study was larger compared with the other three pro-
tein sources. Metabolic fecal amino acid might infiuence 
the variation of the apparent amino acid availability 
values of a protein source. Although Wilson et al.7) and 
Anderson et al, ro) determined the true amino acid availabil-
ity for several feed ingredients taking into account the 
metabolic fecal amino acids, the intravariation of amino 
acid availabilities in their studies was still large. In addi-
tion to differences in the methods for collecting feces, a 
possible difference between the metabolic fecal amino acid 
compositions when fish are fed on protein-free diets and 
test diets containing a test protein source might also be a 
reason. The cause(s) of the degree of intravariation among 
amino acid availability values should be clarified by future 
examinations . 
The present study shows that the individual apparent 
amino acid availabilities within each of the four protein 
sources in fingerling rainbow trout almost approximate the 
protein digestibility, and the intravariations of the 
vail bilit es for FM, SBM, and CGM are small. Thus we 
conclude that the apparent protein digestibility value of a 
protein source is indicative of the amino acid availability 
values when the protein digestibility value is high such as 
for FM, SBM, and CGM in rainbow trout. 
essing and any possible antinutritional factor(s) of the pro-
tein sources used in this study are insignificant in the 
availability of individual amino acid, and that there are 
few specific peptide bonds that are resistant to fish diges-
tion. The study by Hossain and Jauncey9) for common 
carp showed similar low levels of intravariation of amino 
acid availabilities as the present study. These two studies 
adopted the sedimentation method using tank systems for 
collecting feces unlike the other studies.7,lo,il) By contrast, 
the studies by Wilson et al.7) for channel catfish and Ander-
son et al. Io,ll) for Atlantic salmon showed larger intravaria-
Miner / A vailability 
The difficulties in determining bioavailability of miner-
als from fish diets were discussed in the review by Lall.30) In 
the present study, ome of the apparent availabilities such 
s for Ca showed negative values due to the absorption of 
minerals from the environmental water30,31) and to low con-
tent  of the minerals in the diets. However, the data from 
this comparative mineral availability study gave us some in-
teresting information . 
The availability of Zn from SBM per se (740/0) is surpris-
ingly igh though Sa oh et /. *a,2 suggested the necessity of 
Table 6. Apparent availability of minerals from the protein sources ("/o) for fingerling rainbow trout reared at 15'C 
Diet*l 
Mineral mix* I MF 
PM SBM 
PF COMP MF PF COMP 














3 1 .2t 
22.6cd 
52.6c 
2 1 .9b! 
45 .4e 
6 1 . 1'r 
50.9* 
5 1 .2f 
65 .7d 
37.0d 




77 . 7ef 
14.6bc 
74. I g 
37.7~ 
1 3 .9b 
27 . 3cde 
82 . 9 f 














S6 , 9dfr 
36.7cd 
l 6 . 9bc 
39. I b 




2 8 . 6cde 
39.0b 
20. I bc 
36.6cd 
0,0a*3 
l . 6a 
26,0cd 
63 . 6d 
10,0h 
47 . 7e 
52 . Sde 
l I .2b 
25 . 8cd 
69.8de 
22.3bc 
24 . I ab 
47 . 6d 
41.5d 







3 . 42 
3.92 
2.20 
*1 See the footnote of Table 4. 
*: See the footnote of Table S. 
'3 These values were calculated as negative values. 
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supplying excess Zn (80 pglg) and Mn (40,tg/g) to rain- point of the impact of P on the environment. 
bow trout diets containing 300/Q of SBM. Lall30) aiso men-
tioned that Zn was better absorbed from animal protein 
supplements than from plant protein sources. The present 
results indicate that the calculated available Zn content in 
SBM (32.6pg/g) is higher than that in FM (22.7pglg). 
On the other hand, the finding that P availability for MPF 
per se (35.60/0) was higher than that for SBM (14. Io/o), and 
was equivalent to that for FM (37.00/0) is also interesting 
because most of P in plant sources such as SBM is consi-
dered to be present as low available phyiin P .30,32) 
As we explained in the previous report,1) MPF Is proc-
essed from brewer's spent grain which is made mainly 
from a saccarified malt. Phyiase is known to be activated 
during germination of plant seeds and to release available 
inorganic P from phyiic acid. Cain and Garling33) reported 
that a pretreatment of soybean meal with phyiase in-
creased the availability of P and protein in rainbow trout 
diets. Accordingly, the ratio of available non-phyiic P to 
total P in MPF would be higher than that of SBM, so that 
the P availability for the MPF diet was higher than that 
for the SBM diet. On the other hand, SBM and phyiic acid 
were reported to reduce availabilities of Zn and Mn in fish 
diets.34,35),*3,*4 In this study, we also found that the availabil-
ities of the trace elements from the PF-SBM and the 
COMP-SBM diets did not change compared with those of 
the MF-SBM diet. However, the findings that the Zn 
availability of MPF was much lower than that of SBM, 
and that the trace element availabilities of the MPF diets 
were also unchanged like the case of SBM, can not be ex-
plained on the basis of the phyiic acid content in SBM and 
MPF. Spinelli et a/.36] demonstrated that the reduced 
growth of rainbow trout fed on diets containing phyiic 
acid was due to the reduction of dietary protein digestibili-
ty rather than to the reduction of the availability of Zn, 
Fe, or Cu. Thus, more precise examinations are necessary 
on the availability of minerals contained in protein sources 
and on the infiuence of the protein sources on the availabil-
ity of supplemental minerals to diets. 
It has been well demonstrated that tricalcium phosphate 
contained in fish meal decreases the availability of Zn and 
Mn in fish diets.17,s7.38) In this study, we also found that the 
MF-FM diet exhibited the lowest Mn and Zn availability 
values among the protein sources tested. The availabilities 
of Fe. Cu, and Mn in the COMP-FM diet were higher than 
those of the PF-FM diet though the reason is not known at 
present . The P availability for FM per se (MF-FM diet) is 
half the value obtained for rainbow trout by Ogino et a/. 16) 
perhaps due to differences in the fish meal quality such as 
P content. 
The result of the present study suggests that individual 
mineral availabilities among the protein sources vary wide-
ly and that it is necessary to determine the mineral 
availability for respective protein sources. The findings 
that the P availability for MPF per se was equivalent to 
that for FM, and that the P availability for the MPF diet 
with the complete mineral mix was the highest among the 
protein sources tested, should be noted from the stand-
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Abstract 
Apparent availabilities of amino acids from several protein sources 
for fingerling Japanese fiounder 
Takeshi Yamamoto Tatsuya Unuma, and Toshio Akiyama 
Apparent availabilities of amino acids from white fish meal (FM), defatted 
soybean meal (SBM), malt protein fiour (MPF), and corn gluten meal (CGM) 
were deternrined for fingerling Japanese flounder Paralichthys olivaceus. 
Test diets each containing one of the four protein sources at approximately 
409~0 crude protein level were fed to groups of twenty fish (mean weight; 
25g). Fish were stocked at 2CPC in a conical tank designed for fecal 
collection. Apparent protein digestibility (APD) and amino acid availability 
( MM) were determined by an indirect method. 
The APD and the mean ,~~A of each protein source were similar: 91 and 
94% for FM; 80 and 81% for SBM; 69 and 71% for MPF; and 42 and 46% for CGM. 
The individual MAA of FM were simiiar and almost approximated the APD, 
while intravariations of the A~~A for the three plant protein sources were 
larger than that for FM. 
These results suggest that Japanese flounder does not utilize protein and 
amino acids from plant protein sources as effectively as from FM. 
Key words: alternative protein sources, amino acid availability, Paralichthys 
olivaceus, protein digestibility 
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Yamamoto et al.: Availability of amino acids ih fiounder diets 
Apparent availabilities of amino acids from several protein sources 
for fingerling Japanese flounder*l 
Takeshi Yamamoto,'2 Tatsuya Unuma,'2 and Toshio Akiyama 
In formulating practical fish feeds, information on the availability of 
nutrients from feed ingredients is necessary to improve the quality of the 
feeds. The nutritional value of a protein highly depends on its digestibility 
and its amino acid composition. Many studies have been conducted on the 
replacement of fish meai with less costiy protein sources such as soybean 
meal (reviews by Murai 1992 ; Pongmaneerat 1994). However, since 
alternative protein sources for fish meai have different amino acid 
compositions, the availability of arnino acids from these protein sources 
should be assessed to ensure an ef~ective substitution of fish meai. 
We reported the apparent protein digestibility and amino acid availabilities 
of white fish meal (FM), defatted soybean meal (SBM), malt protein flour 
(MPF), and corn gluten meal (CGM) for fingerling rainbow trout 
Oncorhynchus mykiss (Yamamoto et al. 1997). The results indicated that the 
protein digestibilities of FM, SBM, and CGM were around 9S%, and that of MPF 
was 869~0. In addition, the individual amino acid availabilities within each 
protein sources were sirnilar and aimost approximated the protein 
** This study was presented in part at the meeting of the Japanese Society of 
Fisheries Science, Tokyo, April 1995. 
'2 Inland Station, National Research Institute of Aquaculture, Tamaki, Mie 
519~4, Japan (LLl~1~~9~~, ~~~J~~~. ~~LLl~C~~, : ~~~:~?~7~~f~~~~riF~~) 
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digestibility vaiue. For Japanese flounder Paralichthys olivaceus diets, 
however, Iittle information is available on the protein digestibility and 
amino acid availabilities of protein sources. The effect of several protein 
sources on the nitrogenous excretion from flounder has been examined by 
Kikuchi et al. (1993). 
Our previous study on the utilization of MPF and SBM in fingerling 
Japanese fiounder diets (Yamamoto et ~l. 199S), however, proved that the 
allowable substitution level of fish meal protein by either MPF alone or a 
combination of MPF and SBM was 20%. This level is rather lower than the 
40% by MPF in fingerling rainbow trout diets (Yamamoto et al. 1994). As one 
of the causes of the inferior performances of flounder compared to rainbow 
trout, we suggested that the protein digestibility of plant protein sources 
might be lower by fiounder than by rainbow trout (Yamamoto et al. 1995). 
In this study we therefore examirLed the apparent protein digestibility and 
amino acid availabilities of the sai:me four protein sources that were tested for 
rainbow trout, i.e., FM, SBM. MPF, and CGM, for fingerling Japanese flounder. 
Materials and Methods 
Diets The proximate and amino acid compositions of the protein sources are 
shown in Table l. The four protein sources examjned were exactiy the same 
as used in the previous study for rainbow trout (Yamamoto et al. 1997). The 
formulation and the proximate and amino acid compositions of the test diets 
are given in Table 2. The dietary composition was basically the same as the 
previous study except that the crude protein and the crude fat levels of the 
test diets were adjusted to approximately 40 and lO%, respectively in the 
present study. To stimulate fish feed intake, a mixture of alanine, proline, 
lll 
and inosine-5'-monophosphate disodium ( IMP ･2Na, Nacaiai Tesque Inc., 
Japan) was further included in th~ test diets (Shimeno etal. 1993). All these 
ingredients were thoroughly mixed, moistened, and extruded into a spaghetti-
like form using a mincing machine~. The diets were then cut into 
approximately I cm length and freeze-dried. The diets were stored at - 2(~C 
until being fed to the fish. 
Fish and Feeding Fingerling Japanese fiounder were transferred from the 
Nansei-cho Fish Seed Center to the Coastal Station of the National Research 
Institute of Aquaculture. The fish were reared with a commercial fiounder 
feed (Higashimaru Foods Inc., Japan) at 20'C for three months. Then a group 
of twenty fish with a similar size (mean weight; 25:1: 2.9g) was selected and 
transferred into a conical tank for collecting feces (Fig. 1). The tank was 
continuously supplied with temperature-regulated sea water (20'C), and was 
fitted with an acrylic column into which feces settled. The lower part of the 
column was cooled with crushed ice to minimize decomposition of nutrients 
in the feces. The fish were acclimated to one of the test diets for four days 
before the start of fecai collection. The diet was fed to the fish to satiation 
once a day, and the feces in the column were sampled on the following day 
immediately prior to the next feeding, over the ensuing four days. The feces 
were pooled and stored at -2CfC. A single triai was done for each test diet. 
After the triai, all the fish were removed from the tank and a new group of 
fish was transferred to the tank and fed on another diet. These procedures 
were done for each of the fotir test diets. 
Analytjcal methods All chemical analyses and calculations of amino acid 
availabilities were carried out using the saJn~ methods described previously 
1 12 
(Yamamoto etal. 1997). Though alanine and proline in crystalline form were 
included in the diets as constituents of the feeding stimulant, no particular 
correction was carried out in calculating the availability values. 
Results 
Apparent protein digestibility (APD) and amino acid availability (AAAA) of 
the protein sources are given in Table 3. The FM protein was well digested by 
Japanese flounder and showed the highest APD (91%) among the protein 
sources teste(L The APD of the three plant protein sources were lower than 
that of PM. Among them, the APD of CGM protein (42%) was less than half the 
vaiue for FM. 
The individuai ~~A of FM were sirrrilar and aimost approximated the APD. 
However, the A~A of the three plant protein sources showed larger 
intravariations than that for FM. The availability of histidine from MPF and 
that of threonine from CGM were the lowest in the respective protein 
sources. Lysine availabilities of MPF and CGM were aiso low compared with 
other arnino acids. There was little difference in the mean values between 
the essential and the non-essential aJatino acid avajiabilities of the protein 
sources. The mean availabilities of the amino acids were slightly but always 
higher than the APD in each of the sources. 
Discussion 
The APD of FM by Japanese fiounder shows a high value (919~0) similar to 
that reported in rainbow trout (94%) (Yamamoto et al. 1997), while the APD of 
the three plant protein sources ar~' Iower than rainbow trout. The APD of 
l 13 
SBM (809~o) and MPF (69%) by flounder are about 1596 Iower than the values 
for rainbow trout (94% and 869~o, respectively). This low protein digestibility 
of MPF and SBM would be one of the causes of the inferior growth and feed 
performances of Japanese fiounder that were fed on diets containing these 
two ingredients (Yamamoto et al. 1995). In addition, the APD of CGM by 
flounder is low (4296), and is less than half the vaiue attained by rainbow 
trout (96%) (Yamamoto et al. 1997). Masumoto et al. (1996) aiso reported a low 
digestibility of CGM protein (50%) in yellowtail Seriola quinqueradiata, 
indicating that carnivorous sea water fish may be less capable of digesting 
plant proteins, especially CGM protein. Watanabe et al. ( 1996) demonstrated 
that CGM protein digestibilities in rainbow trout and carp Cyprinus carpio 
were elevated as water temperature increased. Therefore, digestive activity 
on plant proteins by Japanese flounder might also be improved according as 
water temperature Increases. 
The intravariation of the A~A for FM in Japanese flounder was smail. 
Similar observations were found in rainbow trout for FM, SBM, and CGM 
(Yamamoto et al. 1997). All these ingredients showed high APD (>91%). 
However , the amino acid availabilities of the three plant protein sources 
which had lower protein digestibilities than that of FM in fiounder showed 
larger intravariations. This phenomenon was aiso observed in rainbow trout 
for MPF in our previous report (Yamamoto et al. 1997) and in the studies by 
Wilson et al. (1981) and Anderson etal. (1992), though the reason is not 
known at present. 
In this study, we included a feeding stimulant containing alanine, proline, 
and IMP ･2Na in the diets to enhance fish feed intake. Masumoto et al. (1996) 
also determined amino acid availabilities of several protein sources for 
yellowtail, using diets containing the same feeding stimulant as the present 
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study. They did not make particular correction on alanine and proline 
availabilities, based on the finding that the crystalline form of amino acids 
are highly absorbable (Plakas and Katayama 1981; Yamada etal. 1981). In this 
paper, we attempt to recaiculate the alanine and proline availabilities by 
subtracting the crystalline anrino acid content from the dietary content, 
based on the assumption that these crystailine amino acids in the diets were 
completely absorbed. The corrected values (%) of alanine and proline 
availability are 934 and 93.3 for FM, 78.6 and 82~ for SBM, 68.4 and 79.1 for 
MPF, and 44.3 and 45.8 for CGM. The differences between the vaiues in Table 3 
and the corrected ones are small, however, degree of the difference 
increased as the decrease of the amino acid availabilities such as proline in 
CGM. Moreover, Takii etal. ( 1986) reported that a feeding stimulant promoted 
digestion and absorption of diet for Japanese eel Anguilla japonica. Thus 
influence of a feeding stimulant on amino acid availabilities should be 
considered and clarified. 
In this study, we used a different type of tank system from that used in the 
previous study for rainbow trout (Yamamoto et al. 1997), for collecting feces. 
In the present tank system, feces were deposited with less disturbance than 
in the previous system in which feces were transferred through a siphon. 
Since feces of flounder seemed more breakable than those of rainbow trout, 
this new tank system may be useful to collect feces for species like Japanese 
flounder. 
This study recommends that inclusion of alternative plant protein sources 
in Japanese flounder diets should be carefully examined, as some protein 
sources have low protein digestibilities. We conclude that due to its low 
protein digestibility CGM is not suitable as a practical protein source for 
Japanese flounder diet. 
ll5 
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Proximate composition ( 9~o ) 
Crude protein (N X 6.25) 69,9 Crude fat 7L5 Crude starch* I 1,8 Crude ash 13.5 




Leucine 8 .42 




Tyro sine 3.92 
Threonine 4,65 
Try ptophan 0,78 
Valine 5,55 















































































Carbohydrate hydrolyzed by boiling S% HCI for 2 h. 
Not detected. 
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Table 2. Ingredients and proxitnate and amino acid compositions of the test 
diets 
Diet* 1 FM - SBM MPF CGM 
Ingredient (ol~) 
White fish meai 
Soybean meal 
Mait protein flour 
Corn gluten meai 
















Nutrient composition (% dry matter) 
Crude protein (N x 6.25) 40.6 
Crude fat 9.4 
Amino acid composition (g/109g dr, y diet) 
Arginine 












































































































* I M; white fish meal diet, SBM; defatted soybean meal diet, MPF; malt protein 
fiour diet, CGM; corn gluten meal diet. 
* 2 Same as in the previous paper (Y, arnamoto et al, 1997). 























































































































Apparent and true availabilities of amino acids from white fish meal 
(FM), defatted soybean meal (SBM), malt protein flour (MPF), corn gluten 
meai (CGM), extruded SBM (EXSBM), and extruded MPF (EXMPF), were 
deternxined by an indirect method for fingerling rainbow trout 
Oncorhynchus mykiss, common carp Cyprinus carpio, and red sea bream 
Pagrus major. 
Apparent protein digestibilities (APD) of FM (89 to 949~0), SBM (90 to 939~o), 
and MPF (81 to 84%) were almost identicai in the three species tested. 
However, the APD of CGM in carp (76%) and bream (79%) were lower than 
that in trout (95%). Individual apparent amino acid availabilities (~~A) 
approximated the APD. The APD of EXSBM and EXMPF were 2 to 4% higher 
than the unextruded SBM and MPF, respectively, without any negative 
infiuences on individual ,~LA. This finding suggests that the extrusion 
processing is an effective method to improve availabilities of amino acids 
in SBM and MPF. On the other hand, relatively large differences were 
recognized between the true amino acid availabilities (TA~A) and the A~aL 
among certain amino acids. Thus determination of TMA may be necessary 
for more accurate and economicai feed formulation. 
Key words: alternative protein sources, amino acid availability, Cyprinus 
carpio, extrusion processing, Oncorhynchus mykiss, Pagrus major, protein 
digestibility 
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In formulating fish feed by incorporating multiple protein sources, 
information on not only protein digestibility but also individual anxino acid 
availability vaiues is useful to more accurately meet the amino acid 
requirements of fish. Thus we have previously reported the apparent 
protein digestibility and anrino acid availabilities of several protein sources 
for rainbow trout Oncorhynchus mykissl) and Japanese fiounder 
Paralichthys olivaceus.2) On the other hand, the necessity of determining 
true amino acid availability, taking into account the metabolic fecal anrino 
acids, was emphasized in severai reports for reiatively low protein content 
ingredients such as plant sources,3~6) due to relatively large difference 
between apparent and true amino acid availabilities. True amino acid 
availabilities for severai feed ingredients have been compared in channel 
catfish lctalurus punctatus,3) common carp Cyprinus carpio,*) Atlantic 
saimon Salmo salar,5) and yellowtail Seriola q uinq ueradiata.e) 
The results of our previous studies indicated that the digestibilities of the 
plant proteins for Japanese fiounder,2) especially corn gluten meai (CGM) 
protein, were lower than those for rainbow trout.1) This finding is in 
agreement with the study of Masumoto et al.6) who reported a low CGM 
protein digestibility (50% in apparent vaiue) in yellowtail. Moreover, the 
optimal substitution level of fish meal protein by malt protein flour (MPF) 
protein was found to be higher in rainbow trout (40%),7) common carp 
(409~o),8) and red sea bream Pagrus major (30910),9) than in highly 
carnivorous marine fish species such as flounder (20%)io) and yellowtail 
(209~0).11) Among these fish species, however, Iittie attention has been paid 
to protein digestibility and amino acid availability for feed ingredients of 
red sea bream. In common carp, although Hossain and Jauncey4) have 
aiready determined the true amiuo acid availabilities of several feed 
ingredients, most of the ingredients tested are not commonly available in 
Japan. Accordingly, aJnino acid availability values for common feed 
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ingredients in Japan such as defatted soybean meal ( SBM) and GGM should 
be determined for common carp and red sea bream. 
Recent studies have revealed that appropriate extrusion processing of 
plant sources can improve not only carbohydrate digestibility but aiso 
protein digestibility.12-14) Overheating of a protein during extrusion 
processing might cause the loss of arrrino acids by oxidationi5) and decreases 
the availability of some amino acids such as lysine through the Maillard 
reaction.12.13) However, precise examination of the extrusion processing on 
amino acid availabilities of plant- proteins has not been conducted in firsh 
f eeds.16) 
Therefore, in this study we determined the apparent and true 
availabilities of amino acids from several protein sources for fingerling 
common carp, red sea bream, and also rainbow trout for which only 
apparent values were determined in our previous study.1) To elucidate the 
influence of extrusion processing on amino acid availability of proteins, 
extruded SBM (EXSBM) and extruded MPF (EXMPF) were also evaiuated in 
addition to white fish meal (FM), SBM, MPF, and CGM that were tested in our 
previous studies of troutl) and fl014nder.2) 
Materials and M~thods 
Experimen tal Diets 
The proxtrnate and anrino acid compositions of the test protein sources are 
given in Table l. FM was produced by Emeraid Seafoods Inc., USA, SBM by 
Showa Sangyo Co. Ltd., Japan, MPF by Kirin Brewery Co. Ltd., Japan, and 
GGM by Nippon Corn Starch Co. Ltd., Japan. The extrusion conditions for 
SBM and MPF are given in Table 2 . The ingredients and proximate 
compositions of the experimentai diets are given in Table 3 . The six diets 
were formulated so as to contain one of the protein sources and to provide a 
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diet of approximately 3 50/0 crude protein. For estimating true availability 
values, a protein-free diet was aiso prepared to determine the metabolic 
fecal nitrogen content and amino acid composition. Pollock visceral oil was 
added to adjust the crude fat level of the diets to approximately 1 59~0 for 
rainbow trout and red sea bream, and 100/0 for carp. Chromic oxide was 
included as an inert reference substance to determine the digestibility of 
protein and the availability of amino acids. In the diets for red sea bream, 
the same feeding stimulant as we used for Japanese flounder2) was aiso 
included to enhance feed intake because the experimental fish did not 
accept even the FM diet without the feeding stimulant. These ingredients 
were thoroughly mixed and made into pellets according to the method 
described previously.1) 
Fish and Feeding Procedures 
Fingerling rainbow trout were transferred from the Shiga Prefectural 
Samegai Trout Farm and conunon carp from the Gunma Prefectural 
Fisheries Experimental Station, to the Inland Station of the Nationai 
Research Institute of Aquaculture. Fingerling red sea bream were 
transferred from the Mie Prefectural Fish Farming Center (Hamajima) to 
the Coastai Station of the Nationai Research Institute of Aquaculture. All 
these fish were reared for several months with commerciai feeds in the 
same manner as described previously.1, 8, 9) Then, forty fish of a siJQlilar size 
(rainbow trout; 13.8~ 1.6g, common carp; 15.4t2.1g, and red sea breaJn; 
20.9~2.6g) were selected and allotted to I of 6 conical tanks (each holding 
about 501 of water) for fecal collection (Fig. l). Temperature-regulated well 
water (rainbow trout; 15･C, carp; 25･C) and sea water (red sea bream; 20'C) 
was continuously supplied to each tank at a fiow rate of 21 per min. The 
tank system was slightly modified from the previous one used for Japanese 
flounder (see Yamamoto et al.2)) and from the system of Watanabe et ai;7) 
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for yellowtail. For more efficient fecal collection, a modification was made 
above the fecal trap column where a by-pass for draining water from the 
bottom of the tank was instailed. Before the start of fecal collection, the 
amount of water drained through the by-pass during fecal collection was 
adjusted by the 2nd valve. The 2nd vaive was adjusted so as not to drajn the 
feces out through the by-pass. Th_ e feeding and the fecai collection were 
carried out in the same manner as the previous study for rainbow trout,1) 
Each diet was fed to satiation to duplicate groups twice per day for rainbow 
trout and carp, and once per day for red sea bream. Over the period of five 
days, the feces were sampled immediately prior to the next feeding, pooled, 
and stored at -20'C. Two pooled fecai saJnples for each of the seven 
experimental diets (six protein diets and one protein-free diet) were freeze-
dried . 
Analytical Methods 
All chemical analyses and determination of apparent availability 
(digestibility) values were carried out as previous described.1) True amino 
acid availability ( TA~) was calculated using the following formula of 
Kim:18) 
Fecai AA (%) * Dietary Cr2C!~ (%) MFAA (g) 
Dietary M (%) x Fecal Cr2Q; (%) Dietary AA (%) 
Where, M (o/o) is an anaino acid content in each diet or feces, and MFAA (g) 
is a metabolic fecal amino ~cid content per 100g of the protein-free diet. 
True tryptophan availability could not be determined due to the tryptophan 
content being too low in the feces from the protein-free diet. We did not 
carry out any specific correction of the availability values of alanine and 
proline supplemented as the feeding stimulant because we found in the 
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previous study that such a correction was inconsequentiai unless the 
protein digestibility is extremely low.2) 
All the data for apparent or true values of protein digestibility and amjno 
acid availabilities among the six ptotein sources were compared using a 
one-way analysis of variance procedure, and differences among treatment 
means were assessed by Duncan's new multiple range testl9) at a probability 
level of 0.0S. 
Results 
Metabolic Fecal Nitrogen and Amino Acid Composition 
The metabolic fecal nitrogen content and amino acid composition 
deternrined by feeding protein-free diets are given in Table 4. The 
metabolic fecal nitrogen content from red sea bream was approximately 
twice higher than those from rainbow trout and carp. However, the arnino 
acid profiles of the feces for these three species, expressed as g per 100g 
amino acid, were similar. 
Amino Acid Availability for Rainbow Trout 
Apparent and true amino acid availabilities of the protein sources for 
rainbow trout are shown in Tables 5 and 6, respectively. Apparent protein 
digestibilities (APD) of FM, SBM, and CGM were similar (p>0.05) at 93 to 95%, 
and that of MPF was significantly lower (8496) (p<0.05) than the above three 
ingredients. Extrusion processing of SB~4 and MPF slightly but 
significantly improved the APD (p~0.05) by 3.5 and 2.6%, respectively. The 
true protein digestibility (TPD) of each protein source was about 1.4% 
higher than the APD. 
Individual apparent amino acid availabilities ( ~~) within each 
protein source were similar and approximated the APD. Although the APD 
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of FM, SBM, and CGM did not differ with each other, some AAM of SBM were 
significantly lower (p<0.05) than those of FM. Extrusion processing 
significantly increased most of the AMA (p<0.05) compared with those of 
the unextruded ones, and no negative influence of the extrusion processing 
was observed on the ~~A. Although the true lysine availability of CGM 
was 2.8% higher than the apparent value, the differences between TAAA 
and AAM of an amino acid were generaily as small as those observed 
between the TPD and the APD. There was littie difference in the average 
vaiues between the essential and the non-essentiai amino acid 
availabilities. 
~nino Acid AvailabiliOl for Comlnon Calp 
Apparent and true amino acid availabilities of the protein sources for 
common carp are shown in Tables 7 and 8, respectively. APD was high at 
around 90% in FM and SBM, inte,mediate in MPF (849~0), and the lowest in 
CGM (769~0). Extrusion processing of SBM significantiy increased the APD 
(p<0.05) by 4.0%, but the effect on MPF ( 1.7% improvement) was not 
significant (p>0.05 ). The TPD were about 1.9% higher than the APD. 
Individuai ~~A within a protein source were similar and approximated 
the APD. Extrusion processing significantiy increased most of the A~A 
for SBM and even some of the ,~~ for MPF (p<0.05), and no negative 
infiuence of the extrusion processing was observed on the individual 
MAA. Although the APD of FM was not significantly different (p>0O5) 
from that of SBM, some MM of F~,i were significantiy lower (p<0.0S) than 
those of SBM. The differences between T~~ and A~ were as smail as 
those observed between the TPD and the APD, however, relatively large 
differences were noted for several amino acids such as lysine in CGM (4.69~0) 
and threonine in EXMPF (3.496). 
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Amjno Acid Availabiliel for Red Sea Bream 
Apparent and true amino acid availabilities of the protein sources for red 
sea bream are shown in Tables 9 and lO, respectively. The APD of the 
protein sources were similar to those observed for common carp. Namely, 
the APD was the highest in FM and SBM (93 and 92%, respectively), 
intermediate in MPF (819~0), and the lowest in CGM (799~o). Extrusion 
processing slightly but significantly improved the APD of both SBM and 
MPF (p<0.05) by 2.1 and 2.0%, respectively. The TPD of a protein source was 
about 3.596 higher than the APD, and the differences between the TPD and 
the APD were larger than those for rainbow trout and common carp. 
Although individual AA~ within each protein source approximated the 
APD, some amino acids such as glycine in MPF and CGM showed notably 
lower values than the average availability of total amino acids. The APD of 
FM and SBM were similar (p>0.05), however, some A~~ of SBM were 
significantly lower (p<0.05) than those of FM. Although significant 
improvement (p<0.05) by the extrusion processing was observed in only 
half of the amino acids in SBM, the processing had no negative influence 
on the individual MM of both SBM and MPF. The differences between 
TA,VL and AAM greatly varied with amino acid, and the true lysine 
availability of CGM was nearly lO% higher than the apparent value. 
Similar large differences between the TAu~ and the ~~A were observed 
for glycine of the plant protein sources. 
Discussion 
Comparative Protein Digestibility by Fish Species 
In general, relatively high APD of fish meal (around 9096) have been 
reported for many fish species.4, 6. 2c~27) In some studies,3. 5, 18) however, 
relatively low fish meai digestibilities (<80%) have been reported due to 
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differences in the processing c.onditions or the quality of the raw materials 
processed. Our amino acid availability studies on rainbow trout, l) Japanese 
flounder,2) common carp, and red sea bream have all exhibited good 
digestibility of the FM protein (APD; >8996). Accordingly, the quaiity of the 
FM used in our previousi' 2) and present studies was proved to be good, and 
all four fish species we have exaJntned so far well digested the FM protein. 
Recent studies of Watanabe et al.27) for freshwater fish species and 
Masumoto et al.6) for yellowtail also reported high APD of fish meals (>89%). 
In the reports of protein digestibility determination, SBM is most 
conunonly evaiuated among alternative protein sources. The reported SBM 
protein digestibility values vary among fish species3, 6. 2c~2+, 27-29) and even in 
rainbow trout, the APD vary from 6828) to 96%.22) Through the studies that 
revealed the processing conditions of SBM greatiy affect the protein 
digestibility,30, 31) the quality of SBM commonly available in recent years 
seems good. Watanabe et al.27) reported high APD of commercially available 
SBM in several freshwater species including rainbow trout and common 
carp. In our studies. SBM is also well digested by rainbow trout, common 
carp, and red sea bream (APD; >90%), but was not by Japanese flounder 
(80%).2) On the other hand, Kikuchi et al.32) reported that SBM could replace 
no less than 5 09~0 of FM in fiounder diets supplemented with crystalline 
essential arnino acids. Masumoto et al.6) also reported that the APD of full-
fat soybean meal was only 830/0 but the TPD was estimated as 90%. 
Therefore, the SBM protein digestibility for fiounder should be reevaluated 
taking account of the metabolic fecai nitrogen. 
Although the digestibilities are lower than SBM, MPF also shows a similar 
trend like SBM in protein digestibilities by the fish species tested, i.e., the 
APD of MPF for rainbow trout, c~rp, and red sea bream are almost identicai 
at 80 to 859~0, while that for flounder was lower (69%).2) This trend observed 
in the APD of MPF seems consistent with the optimal substitution levels of 
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FM by MPF for rainbow trout (40%),7) common carp (409~o),8) red sea bream 
(309~o) ,9) and Japanese fiounder (20010),lo) 
By contrast, the digestibilities of CGM protein greatiy vary with fish 
species. In this study, only rainbOw trout digested the CGM protein well 
(APD; 959~o), with carp and red sea bream less capable of digesting this 
protein (APD; 76 to 7996). Japanese flounder (APD; 429~*)2) and yeuoutail 
(APD; 50%)') were much less able to digest the CGM protein. On the other 
hand. Pongmaneerat and Watanabe33) reported a much higher CGM protein 
digestibility for carp (APD; 94 to 97%) using diets containing CGM as the 
sole protein source at 22･C. Watanabe et al.27) demonstrated that the APD of 
CGM protein depends on the water temperature for severai freshwater 
species and the vaiue changed from 820/0 at 15･C to 93% at 25･C for carp. 
Although the reason for the variation of the CGM digestibility between fish 
species and even within the same fish species is not clear at present, 
careful examination of CGM protein digestibility should be carried out in 
formulating practical fish feeds.' 
These findings suggest that red sea bream digest the plant proteins (SBM, 
MPF, and CGM) much better than Japanese fiounder. In this study, we 
found that the protein digestibilities of FM, SBM, and MPF among rainbow 
trout, carp, and red sea bream are almost identical, while the digestibilities 
of GGM protein greatly vary with the fish species. 
Determination of True Amino Acid Availability 
The metabolic fecal nitrogen content from rainbow trout deterrnined in 
this study (8lmg/lOOg diet) is within the range determined by Nose (50 to 
150mg).2*) That from carp ( I I In~g) is higher than the value of Kim 
(87mg)ig) but is lower than Ogino et al. (144 to 180mg).s*) On the other hand, 
the metabolic fecal nitrogen content from red sea bream (206mg) is higher 
than the other two species in this study. In the red sea bream diets, we 
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included a feeding stimulant containing aianine and proline to enhance 
fish feed intake. Although the metabolic fecal alanine and proline 
contents are higher in red sea bream than the other two species, the 
percentages of these amino acids in the total amino acids are similar among 
the three species (Table 4). This means that the supplemental alanine and 
proline are highly absorbed.35, 3*~) Since Takii et al.37. 38) reported that the 
inclusion of a feeding stimulant in diets promoted digestion and metabolism 
of nutrients in the eel Anguilla japonica, higher level of digestive enzymes 
might have been secreted and included in the feces from the protein-free 
diet for red sea bream in this study. Further precise examination is 
necessary to clarify the influence of a feeding stimulant on the metabolic 
fecal nitrogen and dietary protein digestibility. 
In this study, statisticai differences were not detected between the 
protein digestibilities of FM and SBM in the three species. In carp, 
however, availabilities of some amino acids in SBM are significantly higher 
than in FM. In rainbow trout and red sea bream, availabilities of some 
anilno acids in SBM are significantly lower than in FM. These findings 
suggest that amino acid availability values are more accurate than the 
protein digestibility values to compare the protein quality of feed 
ingredients. 
Due to the large variation of anrino acid availability vaiues within a 
protein source, the necessity to determine individual amino acid 
availabilities, especially true availabilities for relatively low protein 
ingredients such as plant protein sources, has been emphasized in several 
reports.3~6) Although the differences between TPD and APD are small ( 1.3 to 
3.69~0) in this study, and we did not find such a large variation within 
individuai amino acid availabilities, the differences between individual 
TMA and MM of several amino acids are notably larger than the 
difference between the APD and the TPD. Among them, the true lysine 
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availabilities of CGM in carp and red sea bream and the true glycine 
availabilities of the plant proteins in red sea bream are markedly higher 
than the apparent values. In threonine availabilities of MPF and CGM, 
relatively large differences betweeri the AA~ and the TMA are also 
observed as compared with other essentiai amino acids. These amino acids 
are relatively low in the protein source(s) compared with relatively high 
contents in the metabolic feces. Lysine is the most linriting amino acid in 
CGM so the lysine availability of CGM should be accurately evaluated. In the 
studies of Wilson et al.,3) Anderson et al.,s) and Masumoto et al.,6) similar 
large differences are observed between the apparent and the true lysine 
availabilities of corn or CGM. The differences between TA~ and A~~L for 
methionine, the most limiting ar4ino acid in SBM, however, are small 
compared with those for lysine possibly because the metabolic fecal 
methionine is much lower than lysine. Accordingly, we aiso recognize the 
significance of determining TAM of a protein source with relatively low 
digestibility such as MPF and CGM. 
Extrusion Processing of SBM and MPF 
Several studies have reveaied that extrusion processing of fish feeds or 
feed ingredients improves the digestibility of carbohydrate ( availability of 
energy) mainly due to gelatinization o.f raw starch without improvement in 
dietary protein digestibility.16, 29, 39~2) More precise studies have revealed 
that appropriate extrusion treatnlent also improves digestibility of plant 
proteins in mammaisl2, 13) and of SBM in rainbow trout.14) In the present 
study, treatment of SBM by a twin screw extruder improved the TPD by 2 .O to 
3.9%, so that the SBM protein was aimost completely digested and absorbed 
(TPD; 96 to 98%) by the three spec_ies exatnined. Since extrusion processing 
of SBM is known to partiy denatur"* the protein structure and to inactivate 
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the andnutritional factors such as protease inhibitors in SBM,12, 13) the SBM 
protein might become more digestible by proteolytic enzymes. 
Compared with SBM, the effect of e,(trusion processing on the MPF 
protein digestibility is smaller ( 1.8 to 2.60/0 improvement), and the effect is 
insignificant in the carp diet. As shown in Table 2, the material pressure 
during the extrusion processing of MPF was approximately haif that for 
SBM, possibly due to the high fat content in MPF (Table 1). Thus, the MPF 
protein structure might not have been as denatured as occurred for SBM. 
Although the extrusion processing was accompanied by high 
temperature (Table 2 ) , no negative influence was observed on the 
individual amino acid availabilities. Since the lysine availability is indeed 
improved by the extrusion processing similar to the other amino acids, the 
Maillard reaction is negligible at the extrusion conditions of the present 
study. The MPF protein digestibility for carp was not improved by the 
extrusion processing, however, availabilities of several amino acids in MPF 
were significantly improved. Thus, extrusion processing of plant protein 
sources, especiaily of SBM, is shown to have effect on improving 
digestibility of protein and decreasing the consequentiai excretion of fecal 
nitrogen compounds into surrounding water. Since the improvement of 
the SBM protein digestibility by extrusion processing is generally less than 
5%,12) and the effect of extrusion processing on nutrient digestibilities 
highly depends on the extrusion condition,12-1') one must carefully examine 
an appropriate extrusion condition for individual ingredients. 
In summary, the present study has found that the FM, SBM, and MPF 
protein digestibilities are almost identical in rainbow trout, carp, and red 
sea bream. Extrusion processing is found to be a method to improve protein 
digestibility of SBM and MPF (not necessarily in the case for carp) without 
any negative influence on the amino acid availabilities. Judging from the 
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large variation in the CGM protein digestibility among the fish species. CGM 
protein digestibility should be carefully evaluated for each fish species. We 
found that individual amino acid availabilities are sometimes significantly 
different between two ingredients even when the protein digestibilities of 
the ingredients are the same. In addition, although individual amjno acid 
availabilities of a protein source generally approximate the protein 
digestibility value, the differences between TAA~L and ,~A are large 
among certain anrino acids. Thus we conclude that determination of 
individual true amino acid availabilities may be necessary for more 
accurate evaluation of the nutritional quality of feed ingredients and for 
more economical formulation of practicai fish feeds. 
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J Water inflow 
--,) -H, Drain 
Fig. I . Tank system for fecai collection 
The fish (n=40) were stocked in the conical tank, and were fed on a test 
diet. Uneaten foods were drained from valve I without connection to the 
acrylic colunm. After all uneaten foods were cleaned frorn the system, the 
column was attached so that fecal materials settled into the column. The 
























































































































































































































































































































































































































































































































































Diet＊1 FM SBM ExSBMMPF ExMPFCGMPooled
SEM＊2


















































































































































































Diet★1 FM SBM 1…xSBM MPF ExMPFCGM Pooled
SEM＊2








































































































































































































































































































































































Diet＊1 FM SBM ExSBMMPF 1…xMPF CGM Pooled
SEM喪2







































































































































































































































































































































































Diet★1 FM SBM ExSBMMPF ExMPFCGM Pooled
SEM＊2













































































































































































( T. Yamamoto, T. Unuma, and T. Akiyama : Postprandial changes in plasma 
free amino acid concentrations of rainbow trout fed on diets containing 























































































Takeda : Evaluation of soy protein concentrate as a partial substitute for fish 
meal protein in practical diet for yellowtail. Proc. 3rd ht. Symp. on Feeding 
andNutr. in Fish. Toba Aug. 28-Sept. 1, Japan, 1989, pp. 281-288. 
6) C. D. Webster, J. H. Tidwell, and D. H. Yancey: Evaluation of distillers' grains 
with solubles as a protein source in diets for channel catfish. Aquaculture, 
96, 179 - 190 (1991). 
7) C. D. Webster, J. H. Tidwell, L. S. Goodgame, D. H. Yancey, and L. Mackey : 
Use of soybean meal and distillers grains with solubles as partial or total 
replacement of fish meal in diets for channel catfish, Ictalurus punctatus. 
Aquaculture, 106, 301 - 309 (1992). 
8) T. Murai, H. Ogata, P. Kosutarak, and S. Arai : Effect of amino acid 
supplementation and methanol treatment on utilization of soy flour by 
fingerling carp. Aquaculture, 56, 197-206 (1986). 
9) ~f~~~~~~1, ~~i~~~ t~, 1~47 h ~~;~~77i7 ~?~1: ;5~: : S/Q:i~2ir~~;~:q))~~:~~ 
-)V~U~~~}C~~~~~･(~7)-;V~~;~~~~V~,~;f~~~7~: )~~~)~~~~:);'~"~~~:. ;~~~:~T~~:, 
12,37-41 (1987) . 
lO) S. -Y. Shiau, B. - S. Pan, S. Chen, H. -L. Yu~ and S. - L. Lin : Successful use of 
soybean meal with a methionine supplementation to replace fish meal in diets 
fed to milkfish Chanos chanos Forskal. J. World Aquaculture Soc., 1 9, 14-
19 (1988). 
11) S. -Y. Shiau, C. -C. Kwok, S. -L. Hwang, C. -M. Chen, and S. -L. Lee : 
Replacement offishmeal with soybean meal in male tilapia (Oreochromis 
niloticus x O. aureus) fingerling'diets at a suboptimal protein level. J. World 
Aquaculture Soc., 2 O, 230 - 235 (1989). 
12) T. Murai, H. Ogata, A Villaneda, and T. Watanabe : Utilization of soy flour by 
fingerling rainbow trout having different body size. Nippon Suisan 
Gakkaishi, 5 5, 1067- 1073 (1989). 
13) J. Pongmaneerat. T. Watanabe, T. Takeuchi, and S. Satoh : Use of different 
protein meals as partial or total substitution for fish meal in carp diets. 
156 
Nippon Suisan Gakkaishj, 5 9, 1249 - 1257 (1993). 
14) S. M. Plakas, T. Katayama, Y. Tanaka, and O. Deshilnaru : Changes in the 
levels of circulating plasma free amino acids of carp (Cyprinus carpio) after 
feeding a protein and an amino acid diet of similar composition. 
Aquaculture, 2 1, 307 - 322 (1980). 
15) S. Yamada, K. L. Simpson, Y. Tanaka, and T. Katayama : Plasma amino acid 
changes in rainbow trout Salmo gairdneri force - fed casein and a 
corresponding amino acid mixture. Nippon Suisan Gakkaishi, 4 7 , 1035= 
1040 (1981). 
16) C. B. Cowey and M. J. Walton : Studies on the uptake of (14O amino acids 
derived from both dietary (14O protein and dietary (14O amino acids by 
rainbow trout, Salmo gairdneri Richardson. J. Fish Biol., 3 3, 293 - 305 
( 1988) . 
17) A Schuhmacher, C. Wax, and J. M. Gropp : Plasma amino acid8 in rainbow 
trout ( Oncorhynchus mykiss) fed intact protein or a crystalline amino acid diet. 
Aquaculture, 1 5 1, 15 - 28 (1997). 
18) T. Murai, H. Ogata, T. Takeuchi, T. Watanabe, and T. Nose : Composition of 
free amino acid in excretion of cayp fed amino acid diets and casein - gelatin 
diets. Nippon Suisan Gakkaishi, 5 O, 1957 (1984). 
19) R. P. Wilson : Alnino acids and proteins, in, "Fish Nutrition (2nd ed.)" (ed. by J. 
E. Halver), Academic Press. Carifornia, 1989, pp. 1 1 1 - 151. 
20) T. Murai, T. Akiyama, and T. Nose :Use of crystalline amino acids coated with 
casein in diets for carp. Nippon Suisan Gakkaishi, 4 7, 523-527 (1981) . 
21) T. Murai, T. Akiyama. H. Ogata, Y. Hirasawa, and T. Nose : Effect of coating 
amino acids with casein supplemented to gelatin diet on plasma free amino 
acids of carp. Nippon Suisan Gakkaishi, 48, 703-710 (1982). 
22) ~~;~~;~~'~, ~j f~:-~~, ~~;~f,'~~e~~~~, ~H;I1~~P~: : j]J~J~~~C~~~~~;~Q~;~5J~~~~~~Q~f 
)~~!~~l~ia)~~/~~:~l~~~~;~~~)~~~~~~4~. ~71<"'~~;., 60, 95 -99 (1994) 
157 
;~j~~~1~~l~EAI:s:~rf;~ h~1/y h~l~4c)~~/~~:IfiL~~~~:~~q)~~~~~;~4~. 7~~~:t!~~~ 
43, 185-190 (1995) . 
24) J. W. Hilton, C. Y. Cho, and S. J. Slinger : Effect of extrusion processing and 
steam pelleting diets on pellet durability, pellet water absorption, and the 
physiological response ofrainbow trout (Salmo gairdneri R.). Aquaculture, 
2 5, 185 - 194 (1981). 
158 
Postprandiai Changes in Plasma Free Amino Acid Concentrations of 
Rainbow Trout Fed on Diets Containing Different Protein Sources*l 
Running titie: Postprandial Plasma Free Amino Acids in Trout 
Takeshi Yamalnoto *2 Tatsuya Unwna,*2 and Toshio Akiyama*2 
*2 Nutrition Section, Inland Station, National Research Institute of 
Aquaculture, Tamaki, Mie 5 19~423, Japan 
** This study was presented in part at the Meeting of the Japanese Society of 
Fisheries Science, Higashi-Hiroshima, September, 1997 
159 
Abstrac t 
Postprandiai changes in plasma free amino acid concentrations and 
nitrogen contents of the gastrointestinal digesta of rainbow trout 
Oncorhynchus mykiss fed on (lifferent protein sources were examined. 
Three experimental diets containing either white fish meal (FM), defatted 
soybean meal (SBM) or mait protein fiour (MPF), were fed to triplicate 
groups (initial mean weight; 63g) for two weeks at 15･C. After 48 h of 
fasting, the fish were fed again their respective diets to satiation. Blood 
samples were taken at 3, 6, 9, 12, 15, 18, 21, 24, and 48 h after the last 
feeding. 
Plasma concentrations of individuai aJnino acids reached peak levels at 
12t3 h post-feeding in the FM group, and at 21~3 h in the SBM and MPF 
groups. Evacuation of gastric digesta was faster in the FM and SBM groups 
than the MPF group. However, the 0.9% NaC1 insoluble nitrogen levels (o/o) 
in the gastric digesta of the SBM ~nd MPF groups seemed relatively stable 
until 2 1 h compared with the decreasing trend observed for the FM group. 
The insoluble nitrogen contents (mg/100g BW) in the intestinal digesta 
were highest in the MPF group, intermediate in the PM group, and 
unexpectedly lowest in the SBM group throughout the sampling periods. 
These findings suggest that peak levels of plasma free amino acids in the 
SBM and MPF groups occurred later than the FM group due tn part to 
different protein digestive processes in the gastrointestinal tract. 
Key words: alternative protein sources, fish meal, gastrointestinal digesta, 
malt protein flour, Oncorhynch us mykiss, soybean meal, plasma free 
amino acid, postprandiai change 
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Postprandiai changes in plasma fr. ee amino acid concentrations for fish 
fed on different kinds of diet have bcen compared in severai papers.1-ll) 
Some of these reports focused on the difference between diets containing a 
high proportion of crystalline amino acids and diets containing intact 
proteins such as casein.1~. 6, 7. Il) These studies have shown in principle that 
peak levels of plasma free amino acid concentrations occur much earlier 
for fish fed on amino acid diets than on intact protein diets.2~4, 7, Il) It is also 
recognized that a diet containing intact protein(s) supplemented with 
crystailine amino acids sometimes results in inferior growth and feed 
performance compared to an ideai intact protein diet.12-17) Thus the faster 
absorption of crystalline amino acids and their subsequent catabolism is 
considered to be one of the causes of inferior growth and feed performance 
of the fish.3, 7. 16,17) Such importance of the timing of amino acid absorption 
would be true of practical fish feeds containing various protein 
ingredients. 
In contrast, few reports have compared the postprandial plasma (or 
serum) free amino acid concentrations between diets from the viewpoint of 
practicai feed formulation.5, 8~ro) in fish feed, multiple protein ingredients 
such as fish meal and soybean meal are usually incorporated, and 
sometimes crystalline amino acids are further supplemented to balance the 
amino acid profile of the feed.1419) To achieve an efficient utilization of 
amino acids from these nitrogenous ingredients in the feed, free amino 
acids derived from each of these ingredients should be present 
simultaneously in plasma vvith a balanced composition as has been 
suggested by Murai et al.4) in carp Cyprinus carpio. Therefore, it is 
important to elucidate postpraiLdiai changes of plasma free amino acid 
concentrations of fish fed on di~ferent practical protein sources. However, 
only Shimeno et al. exanrined ~n yellowtail Seriola quinqueradiata the 
effects of including defatted soyb,ean meal (SBM) into the fish meal based 
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moist pellet,ro) and of force-feeding brown fish meal and SBM.9) More 
examinations are necessary to clarify the postprandial plasma free anrino 
acid changes of fish fed on various protein sources. 
Relationship between postprandial changes of plasma free amino acid 
levels and digestive process of diets has been suggested.3, 8. ro) Shimeno et 
al.8,ro} observed that yellowtail fed on raw fish showed clear peaks of serum 
free amino acid concentrations at 2 to 4 h post-feeding, while fish fed on 
single moist pellets did not show distinct peaks. They found that the fish 
meal proteins in the moist pellets were evacuated from stomach less 
digested than the proteins of raw fish. Yamada et al.3) also observed that 
casein was evacuated from stomach more slowly than amino acid mixture in 
rainbow trout Oncorhynch us mykiss. Accordingly, postprandial plasma 
free anilno acid levels for protein ingredients should be examined in 
relation to the digestive process of the proteins. 
To clearly explain the effect of different kinds of practical protein source 
on the plasma free amino acid concentrations of fish, we first examined the 
postprandial plasma free amino acid concentrations of rainbow trout fed ad 
libitum on dry pellets containing either white fish meal (FM), SBM or malt 
protein flour (MPF) in this study. Since we found that peak levels of plasma 
free anrino acids in the SBM and MPF groups occurred approximately 9 h 
later than the FM group, we further examined nitrogen content changes of 
the gastric and intestinal digesta of the fish to make clear the digestive 
process of the proteins. 
Materials and Methods 
Experimental Diets 
The formulation, and proximate and anrino acid compositions, of the 
experimental diets are shown in Table I . Three diets each containing FM 
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(Alaska pollock meal, produced by JSC Oceanrybflot, Russia). SBM 
(Marubeni Shiryo Co. Ltd., Japan) or MPF (Kirin Brewery Co. Ltd., Japan), as 
the sole proteiu source, were formulated to provide a diet of approximately 
3S% crude protein. Crude fat levels of the diets were adjusted to 
approxtmately 1 5% by addition of pollock viscerai oil ( Riken Vitamin Co. 
Ltd., Japan) and soybean oil (Wako Pure Chemical Industries Ltd., Japan). 
All these ingredients were thoroughly mixed, moistened, and pelleted 
without steam, using a Laboratory Pellet Mill CL-2 (Califomia Pellet Mill Co., 
USA). The resulting pellets (approximately 4.5mm diam. * 7.2mm) were 
dried at 60'C for 5 h, and then stored at - 2CPC until fed to the fish. 
Fish and Feeding Procedures 
Fingerling rainbow trout were transferred from the Shiga Prefecturai 
Samegai Trout Farm to the Inland Station of the Nationai Research Institute 
of Aquaculture. The fish were reared with commerciai trout feeds ( Nippon 
Fonnula Feed Mfg. Co. Ltd.. Japan) supplemented with 5% (w/w) pollock 
viscerai oil for 4 months at 15･C. Two hundred and seventy fish with a 
similar size (63~6.9g) were then selected and divided into nine groups (30 
fish per group). Each of the nine groups was stocked into a round tank 
(holding about 120 1 of water), and well water ( ISt0.4'O was supplied at a 
fiow rate of 4 1 per min. The fish were fed on a commercial trout feed for 
the initial two weeks of acclimation to the rearing conditions. Then the 
three experimental diets were each fed to the triplicate groups to satiation 
twice per day for the following two weeks. After 48 h of fasting, the fish 
were then fed once again to satiation, and blood samples were taken. In all 
treatrnents, amounts of diets consumed at the last feeding were 
approximately the same. 
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Sampling Procedures 
Four fish were sampled from one of the three tanks for each dietary 
treatment at 3 h intervals from 3 to 24 h, and at 48h, after the last feeding. 
To minimize stress from disturbance, fish were sampled from the first tank 
at 3, 12, and 21 h, from the second tank at 6, 15, and 24 h, and from the third 
tank at 9, 18, and 48 h post-feeding. The sampled fish were anesthetized 
with 0.019~o ethyl 3-methylaJrninobenzoate methanesulfontc acid. A blood 
sample was irrLmediately withdrawrl from the caudal vain-artery complex 
with a heparinized syringe fitted with a 23G needle. The red blood cells 
were promptly removed by centrifugation at 3 ,OOO rpm for 10 min, and the 
supematant plasma samples were obtained. The plasma samples were then 
deproteinized by addition of an equai volume of lO% sulfosalicylic acid, 
vigorously shaken, and centrifuged at l0,000 rpm for 10 min at 5･C. The 
supernatants were taken and stored at - 8CPC until analysis of the free amino 
acid composition. The fish from which the blood samples were taken were 
frozen immediately in liquid nitrogen and stored at -8CPC until analysis of 
the nitrogen contents of the gastric and intestinai digesta. 
Analytical Methods 
All proximate and amino acid analyses of the experimental diets were 
performed according to the same methods as described previously.17) 
Hardness of the experimental diets was measured using a Kiya Digital 
Hardness Tester KHT-20 (Fujiwara Factory Ltd., Japan), and shown in Table 
1 . Plasma free anrino acid concentrations were indj:vidually determined 
using an automatic amino acid analyzer L-8500 (Hitachi Ltd., Japan) wlth a 
ninhydrin reagent and lithium buffer system. To understand the digestive 
processes of dietary proteins more clearly,8~lo) the gastric and intestinal 
contents were separately collected and their nitrogen compounds were 
separated into three fractions according to the methods described in Fig. I . 
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Only the samples taken at 3, 9, 15, 21, and 48 h post-feeding were analyzed. 
The contents of the pyloric ceca were not included in the intestinai digesta 
anaiysis. The nitrogen content of each fraction was determined by the 
micro-Kjeldahl method. Since the nitrogen contents in the 0.9% NaCl 
soluble and perchloric acid solution insoluble fraction were found to 
fluctuate widely and did not show specific postprandial changes in this 
study, we only discuss the 0.90/0 NaCl insoluble nitrogen ( termed insoluble 
nitrogen), the perchloric acid solution soluble nitrogen (termed soluble 
nitrogen), and the total nitrogen contents in this paper. The nitrogen 
contents of the three fractions for the experimental diets are given in 
Table l. 
Results 
Postprandial Changes in Plasma Free Amino Acid Concentrations 
Changes in plasma free anrino acid concentrations of rainbow trout after 
being fed on diets containing either FM, SBM or MPF are shown in Fig. 2 
and Fig. 3 . Peak plasma levels of total anrino acids, essential amino acids, 
and non-essential amino acids for fish fed on the FM diet all occurred 12 h 
post-feeding (Fig. 2-a, b, and c). In contrast, the peak levels of these amino 
acid groups for fish fed on the SBM and MPF diets occurred around 2 1 h 
post-feeding. Peak levels of individual amino acids also occurred close to 
the peak times of the total amino acids for all three groups ( ~ 3 h, Fig. 3 ) . 
Due to the decline of isoleucine, Ieucine, phenylalanine, tyrosine, and 
valine levels at 2 1 h post-fecding in the SBM group, the levels of the totai 
essentiai amino acids plateaued at 18 to 24 h (Fig. 2-b). At 48 h post-feeding, 
concentrations of most essential amino acids decreased to the levels of 3 h 
post-feeding, while most of the non-essential amino acids remained at 24 h 
post-feeding levels (Fig. 3). In the FM group, glycine concentrations were 
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markedly high among the non-essential amino acids throughout the 
sampling periods. On the other hand, drastic elevations of the alanine level 
of the SBM group and the proline level of the MPF group were observed at 
2 1 h post-feeding. 
Postprandial Changes in Nitrogen Contents of Gastrointesdnal Digesta 
Changes in the nitrogen contents of digesta in the stomach and intestine 
are shown in Fig. 4 and Fig. 5, respectively. 
Total nitrogen contents in the gastric digesta (mg/lOOg BW) of the three 
groups at 3 h post-feeding were similar (Fig. 4-a). Thereafter, the nitrogen 
contents of the FM and SBM groups decreased similarly until 2 1 h post-
feeding. In contrast, total nitrogen contents of gastric digesta of the MPF 
group seemed unchanged until 9 h post-feeding, decreasing thereafter. 
Since most of the nitrogen in the gastric digesta was found to be insoluble 
nitrogen, the changes in the insoluble nitrogen contents showed a similar 
trend to the total nitrogen contents (results not shown). The soluble 
nitrogen contents (mg/lOOg BW) of the FM and SBM groups similarly 
decreased, and were higher than the MPF group during the earlier 
sampling periods (Fig. 4-b). When the insoluble nitrogen contents were 
expressed as a percentage of the gastric digesta (Fig. 4-c), however, the 
values of the SBM and MPF groups were relatively stable until 2 1 h post-
feeding compared with the decreasing trend of the FM group. 
The intestinal digesta per body weight ( % wet weight) of the FM and SBM 
groups increased up to 9 h post-feeding, then decreased (Fig. 5-a). On the 
other hand, the digesta of the MPF group gradually increased up to 2 1 h 
post-feeding. Total nitrogen contents in the intestinal digesta (mg/100g 
BW) were, however, highest in the MPF group, intermediate in the FM 
group, and lowest in the SBM group throughout the sampltng periods (Fig. 
5-b). The insoluble nitrogen contents (mg/lOOg BW) of the MPF group 
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were much higher than the FM group and increased until 2 1 h post-feeding 
(Fig. 5-c). The insoluble nitrogen of the SBM group also tended to increase 
up to 15 h post-feeding, but the nitrogen contents were considerably lower 
than the other groups. Since the total nitrogen contents of the intestinal 
digesta of the MPF group were markedly higher than the FM group, the 
soluble nitrogen contents expressed per body weight were always higher 
in the MPF group than the FM group (results not showrl). However, when 
the values were expressed as a ratio (%) of soluble nitrogen to total 
nitrogen, the values for the MPF group were always lower than the FM 
group (Fig. 5-d). 
Discussion 
In this study we showed clearly that the plasma free amino acid 
concentrations of rainbow trout fed on diets containing either SBM or MPF 
reached peak levels approximately 9 h later ( at 2 1 h post-feeding) than fish 
fed on the diet containing FM (at 12 h post-feeding). Shimeno et al. found 
that for yellowtail a difference in the timing of serum free amino acid peak 
concentrations did not exist between moist pellets with or without SBM,lO) or 
between force-fed brown fish meal and SBM.9) These contradictions may in 
part result from the differences in fish species and the physical properties 
of the diets, i.e., the yellowtail digested the moist pellets more rapidly8~ro) 
than the rainbow trout did the dry penets in tbis study. To make clear the 
cause of observed time lag of the plasma free amino acid changes among 
the protein sources in this study, we investigated the digestive process of 
the proteins in the gastrointestinai tract. 
Yamada et al.3) showed that slower evacuation of casein from the stomach 
was related to the delayed increase of plasma free amino acid 
concentrations compared with the amino acid mixture. In the present 
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study, evacuation of the gastric (ligesta of the MPF group was also found to 
be delayed compared with the FM and SBM groups as shown in Fig. 4-a. 
Hilton et al.20) demonstrated that evacuation of gastric digesta of rainbow 
trout fed on extruded pellets was prolonged compared vvith the trout fed on 
steam pellets. Therefore, physical properties such as hardness of the 
experimental diets (Table I ) may be partly related to gastric content 
evacuation in this study, i.e., the MPF diet was much harder and the 
evacuation of the gastric digesta was slower than for the PM and SBM diets 
(Fig. 4-a). However, the hardness of the MPF diet (4.53 kg･f) was not 
particularly high but was at similar levels to the conunercial steam pellets 
of a similar size (4.15 kg･f, see Table 1). In addition, we found that the 
gastric digesta of the MPF groups were homogeneous and contained no 
pellet-like particles even at 3 h post-feeding, a result consistent with the 
other groups. The softer SBM and the harder MPF diets shared a similar 
pattern of postprandial plasma free amino acid changes irrespective of the 
hardness of the diets. Accordingly, the hardness of the diets may not be the 
single cause of the difference in plasma free amino acid changes in this 
study. More precise examination is necessary to clearly explain the 
relationship between hardness of diets and postprandial changes of plasma 
amino acid levels and gastric contents. The similar levels of the gastric 
nitrogen contents (mg/lOOg BW) of the three groups at 3 h post-feeding 
( Fig. 4-a) support that the amounts of the last feed intake were alinost the 
same among treatments. 
On the other hand, the insoluble nitrogen levels (%) expressed per 
gastric digesta of the SBM and MPF groups remained relatively stable until 
2 1 h post-feeding, while that of the FM group decreased linearly from 3 to 
15 h (Fig, 4-c). This suggests that the FM proteins were enzymatically 
digested to a greater extent in the stomach than the SBM and MPF proteins, 
and that the digested soluble FM proteins were transferred into the 
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intestine faster than the other portions of the gastric digesta. In contrast, 
the SBM and MPF proteins in the gastric digesta might have been 
transferred into the intestine less digested than the FM proteins. Shimeno 
et al.8) observed similar phenomena in yellowtail between the raw fish and 
fish meal based moist pellets. They found that the fish meal proteins in the 
moist pellets were transferred from the stomach into the intestine less 
digested than the proteins of raw fish. Thus, the inferior chemical 
digestion of the SBM and MPF proteins to the FM protein in the stomach 
may be one of the reasons for the difference in the timing of plasma free 
amino acid peak levels. The higher soluble nitrogen contents of the SBM 
group than the MPF group at 3 h post-feeding (Fig. 4-b) might have 
resulted from digestion of the high amount 0.9% NaCl soluble and 
perchloric acid solution insoluble nitrogen contained in the diet (Table 1). 
The digestive process of the test proteins in the intestine is more 
complicated to understand. Judging from the accumulation of insoluble 
nitrogen in the intestine (Fig. 5-c) and from the lower soluble nitrogen to 
total nitrogen ratio of the MPF group than the FM group (Fig. 5-d), the MPF 
proteins might have been evacuated from the stomach being incompletely 
digested, and the intestinal digestion of the proteins might have been less 
active than the FM proteins. This assumption is fairly consistent with the 
finding of Yamamoto et ai.21) that the apparent protein digestibility of MPF 
(86%) was lower than that of FM (94%) in rainbow trout. Accordingly, the 
delayed attainment of plasma free amino acid peak levels of the MPF group 
would have been caused both by the slower evacuation of gastric digesta 
and by the inferior chemical digestion in the gastrotntestinal tract 
compared with the FM group. 
On the other hand, although comparable amounts of the intestinal digesta 
(% wet weightIBW) were present in the FM and SBM groups (Fig. 5-a), the 
nitrogen contents of the SBM group were unexpectedly low (Fig. 5-b). 
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Shimeno et al.9) did not observe such a low nitrogen content in the 
intestnai digesta of yellowtail force-fed SBM. In addition Yamamoto et al.2 1) 
reported that the apparent protein digestibility of SBM ( 949~0) was as high as 
FM in rainbow trout. The occurrence of peak levels of the intestinai digesta 
content at an earlier phase (9 h after feeding. Fig. 5-a) and the low 
nitrogen contents in the intestinai digesta (Fig. 5-b, c) of the SBM group, 
however, seem inconsistent with the delayed attainment of peak levels of 
plasma free amino acid concentrations. Instead these observations on the 
digestive process of SBM in the intestine seem consistent with high SBM 
protein digestibility.21) Although a few non-essential amino acids appeared 
in high concentrations in the plasma of the three groups (Fig. 3), the total 
concentrations of non-essential amino acids of the SBM group were 
considerably lower than the other groups (rig. 2-c). The reasons for these 
phenomena observed for the SBM diet group are not clear from the results 
of the present study. In fish insulin is knovvn to decrease plasma and tissue 
free amino acid concentrations,22. 23) and aiso to promote uptake of amino 
acids into tissue proteins.23) Thus, more precise examination into the 
metabolism of absorbed amino acids is necessary to clarify the relationship 
between changes in the plasma free amino acid concentrations and 
digestive process in the gastrointesu~nal tract of fish fed on SBM. 
To improve the amino acid balance of fish feed, it is practicai and 
economical to incorporate multiple protein sources at proper ratios.18, 19) If 
the digestive processes of dietary proteins, especially those in the intestine, 
are different among multiple, feed ingredients combined in a diet as we 
have shown in this study, thel; the free amino acids liberated from each 
protein wouid not be present ･siml4ltaneo,tsly in plasma and cause an 
imbalance in plasma free alni40 acid composition. Murai et al.4) suggested 
that simultaneous presentation of baianced amino acids in plasma is 
important to achieve efficient utilization of the absorbed arnino acids. 
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Accordingly, changes in postprandial plasma free amino acid 
concentrations and digestive processes of dietary proteins for diets 
containing multiple protein sources should be carefully examined. 
In this study we found that plasma free amino acid concentrations of 
rainbow trout fed on diets containing SBM or MPF reached peak levels 
approxirnately 9 h later than for the FM diet. The cause of the delay for fish 
fed on the MPF diet is presumed to be less complete protein digestion and 
slower evacuation of digesta in the stomach, and less active protein 
digestion in the intestine. However, the cause of the delay for fish fed on 
the SBM diet is less clear than for the MPF diet and needs more precise 
exammauon. 
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Fig. I . Fractionation of the gastrointestinai digesta to determine the nitrogen 
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Fig. 5 . Nitrogen content in the intestinal digesta of rainbow trout fed on 
diets containing either FM, SBM or MPF. 
Intestinai digesta (% wet weightIBW) (a), total nitrogen content (mglIOOg 
BW) (b), insoluble nitrogen content (mglIOOg BW) (c), and the soluble nitrogen 
to total nitrogen ratio (%) (d). Values are the mean of four fish for each dietary 
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